AD-A198 195

T DASIAC-TN-87-35-V2

TECHNICAL PAPERS PRESENTED AT THE DEFENSE
NUCLEAR AGENCY GLOBAL EFFECTS
REVIEW—7 - 9 APRIL 1987

Volume |l

Kaman Sciences Corporation
Alexandria Office

Huntington Building, Suite 500
2560 Huntington Avenue
Alexandria, VA 22303-1410

nTIC

- AUG2 31988

19 May 1987

Technical Report -

CONTRACT No. DNA 001-82-C-0274

Approved\for public release;
distribution is unlimited.

THIS WORK WAS SPONSORED BY THE DEFENSE NUCLEAR AGENCY
UNDER RDT&E RMSS CODE B331086466 P99QMXDC0O0003 H2590D.

Prepared for
Director
DEFENSE NUCLEAR AGENCY
Washington, DC 20305-1000

88 8 23 031

S R A S R RSN

5"’:‘:\,’ l. 4.1

A




DISTRIBUTION LIST UPDATE

This mailer is provided to enable DNA to maintain current distribution lists for reports. We would
appreciate your providing the requested information.

J Add the individual listed to your distribution list.
O Delete the cited aorganization/individual.

[0 Change of address.

NAME: _
ORGANIZATION: o
OLD ADDRESS CURRENT ADDRESS
}l
B TELEPHONE NUMBER: ()
b z
S| SUBJECT AREA(s) OF INTEREST:
"
o
[} [aa]
pd
t <C
B o
( T
; —
D
(@]

DNA OR OTHER GOVERNMENT CONTRACT NUMBER:

CERTIFICATION OF NEED-TO-KNOW BY GOVERNMENT SPONSOR (if other than DNA):

|
|
i
|
I
I
!
I
I
I
I
I
|
I
|
|
I
I
|
|
|
I
i
I
I
|
[
I
|
I
!
|
I
I
{
I
|
|
I
!
|
|
I
|
I
!
|
I
I
|
|
I
!
[
[
I
[
|

SPONSORING ORGANIZATION:

CONTRACTING OFFICER OR REPRESENTATIVE:

SIGNATURE: — -

“1"1.{; )"’Q

ey o . ’ » — ’ — . - . . SR OO R 3 A g I 1
BTV K b M AR P DROBUOUO RO RO OO OO D SMER : o4



Director

Defense Nuclear Agency
ATTN: TITL

Washington, DC 20305-1000

Director

Defense Nuclear Agency
ATTN: TITL

Washington, DC 20305-1000

[ 3,\"g¢ﬂ;‘;,*‘a‘=‘.,a‘;‘! Ay
¢ R



o

%

-
gt

s v, Py "

=

-

""-' ] Y

Rl o

2 "’-‘b"'. f‘.

UNCLASSIFIED

52CLRITY CLASSF CAT ON OF "~'S PAGE

ADANSIFS

REPORT DOCUMENTATION PAGE

Ta REPORT SECLRITY CLASSIFCATION
UNCLASSIFIED

'b RESTRICTIVE MARKINGS

2a SECU@ITV CLASSIF'CATiO_N 5UTHORITY
N/A since Unclassified

3 DISTRIBUTION/AVAILABILITY OF REPORT

2b DECLASSIFICAT:ON' DOWNGRADING SCHEDULE
N/A since Unclassified

Approved for public release; distribution
is unlimited.

4 PERFORMING QRGANIZATION REPORT NUMBER(S)

S. MONITORING QRGANIZATION REPORT NUMBER(S)

DASIAC-TN-87-35-V2

6a, NAME OF PERFORMING ORGANIZATION
Kaman Sciences Corporation
Alexandria Office

6b. OFFICE SYMBOL
(If applicable)

7a. r\.lAME OF MONITORING ORGANIZATION
Director

Defense Nuclear Agency

6c. ADDRESS (City, State, and ZIP Code)
Huntington Building, Suite 500
2560 Huntington Avenue
Alexandria, VA 22303-1410

7b. ADORESS (City, State, and ZIP Code)

Washington, DC 20305-1000

8a. NAME OF FUNDING / SPONSORING

8b OFFICE SYMBOL
ORGANIZATION

(If applicable)

9 PROCUREMENT INSTRUMENT iDENTIFICATION NUMBER

RARP/Auton DNA 001-82-C-0274
8c. ADDRESS (City, State, and 2IP Code) 10 SOURCE OF FUNDING NUMBERS
PROGRAM PROJECT TASK WORK (N:iT
ELEMENT NO NO NO ACCESSION ND
62715H P39QMXD C DH0O08684
11 TITLE (Include Security Classification)

1987, Volume II

TECHNICAL PAPERS PRESENTED AT THE DEFENSE NUCLEAR AGENCY GLOBAL EFFECTS REVIEW—7 - 9 April

12 PE_RSONAL AUTHOR(S) .
Various; Alderson, D. (Compiler)

133 TYPE‘ QOF REPORT 13b. TIME COVERED
Technical rrom 870407 ro 870409

14 DATE QF REPORT (Year, Month, Day)

3
876519 15 DAGE3§%UNT

e ey
16. SUPPLEMENTARY NOTATION

P99QMXDCO0003 H2590D.

This work was sponsored by the Defense Nuclear Agency under RDT&E RMSS Code B331086466

17 COSATI CODES '8 SUBJECT TERMS (Continue on reverse if necessary and identify by biock number)
FIELD GROUP 5UB-GROUP Nuclear War
04 0l Global Climate Effects
15 06

19 ABSTRACT (Continue on reverse if necessary and identify by block number)

This document contains technical papers presented at the Defense Nuclear Agency Review of
Global Effects held at Mission Research Corporation, Santa Barbara, CA 7-9 April 1987.

20. DISTRIBUTION/ AVAILABILITY OF ABSTRACT

Ouncassisieounumited X8 same as RPT. [ oTic USERS

21 ABSTRACT SECURITY CLASSIFICATION
UNCLASSIFIED

223 NAME OF RESPONSIBLE INDIVIDUAL

Sandra E. Young

22b. 1ELEPMUNE (inciude Area Code) | 22c_ OFFICE SYMBOL
(202) 325-7042 DNA/CSTI

DO FORM 1473, 8amar

N

NANACACRASANING

83 APR edition may be used until exhausted.
All other editions are obsolete.

B A% e AT T T BT A VG A TR ST S ST

SECURITY CLASSIFICATION OF THIS PAGE

i UNCLASSIFIED

LA RADA NS

LS

A

LT%




g

R O X Y A I A L O L A s A S A S S S P P A o YOS O YT Y G YO U I
ot

¢
LAY
B
_',..'
i ]

i::..‘

sl UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE

¥
S

d
-

S
o

-.—o‘-_:‘

e’

P
»

LS 5%l
Lol W

e e
oy
.

"

55

-
-
o

R

P

SECURITY CLASSIFICATION OF THIS PAGE
d ii UNCLASSIFIED

2R3, 805 8755 4 se o RO AN A0, Ko Nig 47 RO NGE, g 0gh Bi¥ Yen VT



. B - B a, . ‘e g% d'a A7a A2 B*a 'B%e Big’ 'mwmw‘w"‘uﬂ'\vrv"\f‘wv-‘—‘
W

v
'ﬂ
Nl
Wi
%. | SUMMARY
-t
o~ NUCLEAR WINTER: WHERE DO WE STAND?
00,
;‘*: R. P. Turco
N . ,
fqﬂ Four years of research on nuclear w1nte£\has greatly improved
1 our understanding of this complex phenomenonrJ Studies have
0 confirmed the possibility of significant temperature decreases and
f . other severe environmental perturbations following a nuclear war,
##ﬁ with potentially critical implications for human survival.
o Nevertheless, important uncertainties remain to be resolved., The
Bt major issues and their present research status are reviewed.

®pFuel Inventories: Fuel burdens in rural and urban settings
appear to be knqygﬂ;g,u%ﬁhin a factor "2, and are lower than
KT earlier estimates by a factor of 2 or so;

é>Fuel Impactiony The quantities of fuels affected by

it nuclear explosions are sensitive to the scenario adopted; although
(33 definitive targeting analyses are forthcoming, issue§ of targeting
‘;' policy may never be fully resolved and must necessarily remain

N uncertainj .ignition and burning of rubblized fuels, while likely
;;a after a nuglear attack, may be of lower intensity; it is presently
5¢2 understood’ that a major nuclear attack against identified

fjﬁ military/industrial targets would cause extensive collateral

b2 damage’ in urban areas;
il dsSmoke Emission Factor: Burning petroleum, plastics and

A related materials can emit 5% or more of their mass as soot;

K/ recent experiments reveal that the combustion of wood under

o restricted ventilation can convert up to 2% to soot; such emission
o factors imply blacker smoke than has been presumed in most

“1 existing studies;”;soot emission factors for large scale

,i) nuclear-indgggd/0{1 refinery and urban fires are still uncertain,
,¢ but have more likely been underestimated than overestimated;

355 osPlume Heights: Simulations and observations indicate

K initial smoke injection as high as 15 kilometers; soot generated
wh‘ under intense flaming conditions is likely to be injected into the
Q middle and upper troposphere, while smoke produced by lower

; intensity combustion would be deposited in the middle and lower
Gt troposphere;

o o Prompt Scavenging: The immediate rainout of the sooty

7 component of smoke emissions is probably less than 50%, because of
;&f its poor nucleation properties relative to other materials, and

Hn L because of the likely overseeding and reduced precipitation

';* efficiencies of smoke clouds¢ actual scavenging processes remain
o be tested in full-scale giala,SESts;"”_"*“_""ﬂ - . —

o oyMesoscale Dispersion;j-—Observations of large smoke plumes )
dﬁ caused by fire complexes suggest rapid regional dispersion; the ~
Q# role of water vapor in modify@ng soot properties and initiating o
ﬁ% precipitation requires investigation; smoke aging by coagulation
“ and chemical reaction must also be carefully defined in this

regime;
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;ﬂ? o Acu;e_Cllmate Qh;nge; The extent of land su;face cooling
ap! for a specific smoke; injection can presently be estimated to

=ﬁﬁ< within a factor of ”2; the primary unknowns concern the surface
:@h' boundary layer response to a sudden loss of solar energy,

f% including the formation of fogs and inversion layers; critical
?@ changes in precipitation rates may also ocsur, but are currently
ky less well understood;

RSN o~Long-teim Climate Change: Preliminary investigations show
~f‘ important couplings between smoke injections, ocecanic responses,
QS& ice formation and other processes that drive persistent climate
r fluctuations over periods of years; residual stabilized smoke
SW layers could greatly enhance these effects; uncertainty about the
z'* long-term chemical interaction between soot and ozone must be
AN resolved; > ,

g&a oxOther Environmental Effects?¥ Substantial ozone layer

k&_ depletions are expected following 44 nuclear war due to

PY smoke-induced perturbations in atmospheric temperatures,

Wl composition and circulation, but the effect has not been

;‘t quantified; radiological impacts would be severe over large areas
KA. because of local fallout, although global health effects need to
:}ﬁ be more clearly defined; release of chemical toxins leading to
Ve hazardous local pollution of air, soil and water must be

e quantified; -

o o Biological Impacts: The human consequences of nuclear war
3@4‘ as described in the SCOPE Report must be extended and refined;
ﬁs' an organized research program should be developed in the U.S. to
W place the biological conclusions on a firmer analytical

fﬂ& foundation.
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«::. The Defense Nuclear Agency has collected and printed the attached papers
i!;. from the April 7-9 1987 Global Effects review as a service to the community.
a':g 5 The Defense Nuclear Agency takes this opportunity to express its gratitude to
00, the numerous participants in the Global Effects review.

Al

\: The technical papers enclosed include all those which were received by DNA
s,,&. prior to the closing date of 15 May 1987. Where papers are missing their
o place is occupied by the abstract received prior to the meeting.

b

ol The inclusion of a paper in this proceedings does not necessarily imply
d endorsement of the results of the research reported or conclusions which might
;"':: be drawn from that research. It is the opinion of the Defense Nuclear Agency
,::‘: that, while good progress is being made in improving our understanding of

i;. 1 Global Effects, the results to date are tentative and preliminary and should
:,:.l, not be used for planning beyond the planning of future research.
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ATMOSPHERIC HEATING
WITH MIXED SOOT AND WATER CLOUDS

Carl J. Lauer
Gary D. McCartor

Mission Research Corporation
Santa Barbara, California
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CONCLUSIONS

o EFFECTS OF CONDENSED WATER ON ATMOSPHERIC
¥ HEATING BY SOOT CLOUDS WHICH HAVE BEEN
wn SUPPORTED BY NUMERICAL CALCULATIONS

! WARMER EARTH SURFACE TEMPERATURES
n COOLER CLOUD TEMPERATURES
" REDUCTION IN CLOUD RISE

N (THIS MAY OCCUR TO A LESSER EXTENT
" FROM WATER VAPOR)

! ON-GOING WORK WILL EXAMINE THESE EFFECTS OVER
- THE RANGE OF CLOUD DENSITIES OF INTEREST
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Simulation of Coastal Flow Fields
o when the Incident Solar Radiation

f Is Obscured

3 by

Charles R. ./uo[e,nkamp«
) Lawrence Livermore National Laboratory
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5
o
0
ga: SIMULATION OF COASTAL FLOW FIELDS
o)
" WHEN THE INCIDENT SOLAR RADIATION IS OBSCURED*
R
i
L} "
Qi: Charles R. Molenkamp
e
o Lawrence Livermore National Laboratory
.&ﬁ‘ Livermore, CA 94550
o
e
3@::: ABSTRACT
2
e
!}, In the aftermath of a large scale nuclear exchange, smoke from many
L intense fires would be injected into the upper troposphere and stratosphere
o in such amounts that very 1little incident solar radiation would reach the
ry ground. It has been suggested that, in coastal regions, the air over land
w would cool much more rapidly than that over the ocean. In response to this
Qﬁk thermal gradient, a super land breese would form, lifting the moist air
R over the ocean and producing a zone of anomalous persistent precipitation.
l"'!
ﬁh Using an enhanced version of the Colorado State University Mesoscale
Model, the development of coastal flow fields are being simulated during
o periods of extended obscuration of solar energy by completing one normal
.dp diurnal cycle starting at dawn and then extending the simulation for an
s additional 24-48 hours with no incident solar radiation. For these simula-
0] tions two changes have been made to the model. First, a cloud module has
i been added that allows for the formation of a cloud or fog whenever the
N atmosphere is saturated. Second, the longwave cooling module has been
,53 rewritten to improve its accuracy and allow for the effects of clouds.
B
}Qﬂ For a typical west coast situation, with a moderate westerly mean
ﬁ§ flow, the surface layer over land cools a few degrees during the night to a
]§$ temperature where saturation occurs and a thin ground fog forms. This fog
- protects the ground surface from further rapid cooling and grows in height
T as a reasonably well-mixed layer forms over land with a cloud layer at the
Qé top. Over the ocean, moisture is vertically mixed upward into layers that
:{Q are cooling radiatively so a similar cloud forms. With clouds over both
1&& land and sea there are only small thermsl gradients so the hypothesized
?gk precipitation zones do not occur.
::. Simulations for a typical east coast situation are curreantly underway.
o
!:|' »
o
':': ¥
N
fz- *This work was performed under the auspices of the U.S. Department of
}?b Energy by the Lawrence Livermore National Laboratory under Contract W-7405-
pixe Eng-48.
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Approach

iversity

Numerical Simulation Using the Colorado State Un

Mesoscale Model (Pielke, et. al.)

depends on atmospheric stability
- Solar and infrared heating/cooling of surface and

- Surface flux, planetary boundary, and synoptic iayers
- Vertical diffusion in the planetary boundary layer

- Hydrostatic incompressible flow
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atmosphere
- Surface heat budget (land and sea surfaces)
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jon
- 24 hour diurnal cycle starting at dawn (05

izat
- 24 hours with no solar input

e
[ ]
| ]

[

ini

CEXF I @

- Sounding for the Oregon Coast on 23 Aug 72
- 5 m/sec onshore synoptic flow from West

- Sea surface temperature is 289K

Run CSU Model (2D)
- 4 hour i

Initial Conditions

. -
-

Procedure
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saturation
- Condensational heating and evaporative cooling change

the atmospheric temperature (iterative)

vapor plus liquid
- New liquid water variable is the excess water over

- Original water vapor equation retained but represents

e RADIATION (long wave)

MODIFICATIONS TO THE CSU MESOSCALE MODEL
e CLOUDS
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3 POT TEMP, WATER CONTENT AND
X WIND SPEED AT 10:20 ON DAY 2
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::::" Mesoscale Aspects of the Climatic Effects of a Large Nuclear War
)
b
i'j‘ Filippo Giorgi
o
:::Eg:{ National Center for Atmospheric Research
;.::; P.O. Boz $000, Boulder, Colorado 80807
h »
"
;. )
g;;,‘ Most assessments of the climatic consequences of a major miclear conflict have been
i':::‘. made using 1-dimensional (1D) radiative-convective models or 3-dimensional general cir-
:::::; culation models (GCM). In these studies, initial distributions of nuclear smoke and dust
{}g{:ﬁ_ uniform over large scale domains were employed. The assumption was that the thousands
) of smoke and dust plumes generated in the aftermath of the conflict would rapidly merge,
s due to the atmospheric winds, to form a widespread cloud. A few preliminary studies,
::;:. however, have indicated that atmospheric perturbations can be induced by the nuclear
:;:.‘.. aerosols on the mesoscale (10-1000 km), which can strongly affect the aerosol distribu-
:2';::‘ tion and properties. This, in turn, will influence both local or regional “acute” effects
(by perturbing the local meteorology) and long term “chronic” effects (by modifying the
;Z:i:" amount and properties of the injected material). In this study it is proposed to employ a
;::;‘ mesoscale model to investigate behaviour, interactions, and meteorological effects of the
::::‘: aerosol plumes in the first several days (5-10) after the conflict. Results will be compared
:'!:‘::! with GCM predictions of acute climatic effects, and the implications on the initial smoke
distribution and properties to be used in GCM studies will be analyzed. An augmented,
“:' 2D version of the Penn State/NCAR mesoscale model will be initially used. A number of
j;:.ll' physics parameterizations will be added to the current version of the model. These include
:'::' a detailed description of surface physics and radiative transfer, an improved description of
;:3 ': the atmospheric water cycle, and aerosol transport, microphysics, and interactive radia-
tive effects. The sensitivity of the results to model resolution and physical domain, physics
5':6" parameterizations, and aerosol injection scenarios will be examined. Depending on the
::s indications of these 2D simulations the possibility of performing 3D simulations will be
Jih considered.
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MESOSCALE ASPECTS OF THE CLIMATIC EFFECTS OF A
; LARGE NUCLEAR WAR

; MAIN OBJECTIVES

e Study of regional, “acute”, climatic effects of massive
_' aerosol injections from a large nuclear war (5-10 days after
the conflict)

— Prediction of atmospheric perturbations on the
& mesoscale (10-1000 km), and related perturbations of
. surface climatic variables (e.g.. surface temperature)
. — Comparison with general circulation model (GCM)

kY predictions

e Study of the effect of aerosol-induced mesoscale atmo-

spheric perturbations on the aerosol properties and distri-

- . o

bution; implications for inje<tion scenarios used in global

- ‘6“

.. scale studies.

29

y

N T

] .
Ny “'.5.3\ AN

GOS0 EREOUTU) CNCAICANTINTCINLY Eh
(N 'v?&qkllﬁ.?’a‘q’lﬁgf\f‘&tisr‘@'ﬁ'&‘;sﬁ.l?ﬁ"!‘.t'l:"“i“‘it"‘ <J "?.::;!;:: \;'3? K

OdR 4% Vel
Ll 0‘.0

T QEINAROAG 18 AT % AT A RO a R T Y
R i;"«q‘.é,“‘*":'!' s ‘:"“.ﬁ""‘"ﬁf‘ ONOSONIDR AR M 'd.‘i".’t‘.

HYOO0N
sttt




)
2, « Ay

PO

12&(1\1

12km S

¢
P
t {
Srniote
source
~

[ CAGAGAGACNT
’1"'..'.'.-‘{'1':';‘,'4’5 n".‘t’

3

:

o

o,

e

(S SONN
a....'\‘»‘.’l“.'t'

Hoazontal How

09GmT

500xm

IR
,‘a'l."d‘,'s

ah

“" ““"i'l"l’ 70
DR SO ARSI

:]T
|
i
i
4
TR B |
k<<
Smoke >

CD Cloud >

I0cms

—

CRITIOLICR IO NN
C!‘:Q'ﬁ:".':!’.':'!‘20‘,‘:6!

5 )
OO R MMM

15GM1T

500«m

10° 7 kg per kg

1210 "¢ kg per kg

1

OUOUOIOROOOCOOCOL ST
NI RAMAB SN



i MODELING APPROACH

e Penn State/NCAR mesoscale model, version MM4
) (2D version for now)

et — Primitive equations

" - O vertical coordinate

s — Hydrostatic

e — Compressible

; ® Physics included in the current version of the model

— Moisture

o * Cumulus parameterization (Anthes, 1977)

o * Explicit liquid water scheme (Hsie et al., 1984)
3 ~ Boundary layer

* Bulk PBL (Deardorff, 1972)

; * High resolution PBL (Zhang and Anthes, 1982)
o — Radiative transfer (simple parameterization)

o — Ground temperature calculated via an energy balance
5_3 equation (Blackadar, 1979)

e — Horizontal and vertical sub-grid scale eddy diffusion

31
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e ® Model enhancements planned for this study

—.;,'.- — Improve surface physics description

ey — Improve radiative transfer calculations

) - Include simple ice physics parameterization

v - Include aerosol transport, microphysics, and interac-

4 tive radiative effects
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SURFACE PHYSICS MODEL ENHANCEMENTS

e Apply to MM4 the surface physics package developed by

R. Dickinson and collaborators
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R RADIATIVE TRANSFER MODEL ENHANCEMENTS

o ® Apply to MM4 the radiative transfer package of the Commu-
T nity Climate Model (version CCM1). This package includes:
W — Clear sky

, * Longwave — H20, CO4q, O3

o * Shortwave — Rayleigh scattering, absorption by O3,
o Ho0. CO2, O2

i — Cloud-radiation interactions

f-."'": * Longwave — Clouds are assumed to be black for
o >0.5, for 0 <0.5 clouds are assumed to be black
& only if the cloud water content exceeds 10 g/m?

o1 * Solar — Cloud albedo depends on zenith angle and
cloud type. Accounts for multiple reflection between
different cloud layers and between clouds and surface.

3'3:3 Gaseous absorption within clouds included.
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0 MOISTURE PHYSICS MODEL ENHANCEMENTS

e A prognostic equation for cloud ice is added to those for
cloud water and rain water present in the current explicit

- liquid water scheme (after Rutledge and Hobbs, 1983, 1984)
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cesse

® Prognostic equations are solved for the hygroscopic (in-
cludes also large wettable particles and IN) and hydropho-
bic fractions of a given nuclear aerosol (smoke, dust). The

equations include transport and several microphysical pro-

prescribed.

AEROSOL PHYSICS

s. For both aerosol fractions the size distribution is
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ROY EXPERIMENTS PLANNED

5{;} ® Test the new physics parameterizations; use as a “control |
case” the sea—breeze simulations of Yan and Anthes (1987)
'-!'5'!’ ® Sensitivity to injection scenarios; use results from plume
N dynamics simulations

,- — Plume distribution

% — Injection height

LR — Properties of injected aerosol

% — Aerosol loading

: . ® Sensitivity to model physics options

— Surface physics options

b — Radiation transfer options

b — Moisture physics options

e ® Sensitivity to model domain and resolution

Surface characterstics

— Seasonal effects

o Barn 5 e
|

— Initial conditions

— Boundary conditions
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B A CASE STUDY OF A
o FOREST FIRE SMOKE PLUME

it Douglas L. Westphal

) Pennsylvania State University
adl Owen B. Toon

B NASA Ames Research Center
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il PROJECT SUMMARY

e e Goals

e — Understand the regional-scale interactions between

o large soot clouds and atmospheric circulations

3 — Determine the impact of soot clouds on local cli-
W mate

£ e Method
5 — Study natural analogs to nuclear winter

B — Develop numerical models; verify their accuracy
2 by modeling the natural analogs

" — Use the models to study possible nuclear winter
. scenarios

39
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FORT NELSON FIRE CHRONOLOGY

- June 19 - Fire started by lightning
400 ha (100 ha = 1 km?).

i
:J

June 24 - 20,000 ha

‘il

A

-

July 15 - 78,000 ha

P
] “’..
d
=

o July 26 - 87,000 ha
e July 28 - 88,000 ha

July 29 - 160,000 ha (40 km x 40 km)
a Fire doubled in size in 24 hrs. ;

16 km run in 4 hours. i
Convective column was observed.
R (~ 0.07 to 0.4 Tg soot produced)

o 40
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" FORT NELSON FIRE DATA SUMMARY

e e Fire Data

L — Fire spread maps, fuel loading (Lawson, Canadian Forest
P Service)

0 — Lodi Canyon fire and Fresno area fire (Peuschel et al.)

— Landsat and AVHRR satellite imagery

e Meteorological Data

‘w — Surface observations

! — Upper air (NMC analyses and Navy data archives)
e — MOS analyses (Robock, U. of Mary.)

S

e Aerosol Data

Ao
-

Aircraft pilot reports
! — Surface radiometric measurements (Ryznar, U. of Mich.)
et — Satellite data (Fraser and Ferrare, Goddard)

. — Nephelometer measurements (Eloranta, U. of Wisc.)
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CONCLUSIONS

e Significant dataset is available
— Source term information
— Soot cloud optical properties

e — Observations of perturbations due to smoke cloud

I e Transport modified by small-scale wave

i e Model shows skill at forecasting small-scale waves

% e Ready to carry out interactive calculations

3
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FIGURE CAPTIONS

4o Fig. 1 Outline of the area where surface meteorological stations re-
ported “visibility reduced by smoke” during the period 4 am
o (PST) 29 July to 4 am 30 July, 1982.

" Fig. 2 Contours of the analyzed (~ observed) height (gpm) of the
" 500 mb surface at 4 pm (PST) 31 July, 1982.

Fig. 2 Contours of the analyzed (~ observed) height (gpm) of the
e 500 mb surface at 4 pm (PST) 2 August, 1982.

R2 Fig. 4 Contours of the predicted height (gpm) of the 500 mb surface
) at 4 pm (PST) 2 August, 1982. Compare with Fig. 3.

Y Fig. 5 Contours of the analyzed (~ observed) surface temperature
b (°C) at 4 pm (PST) 2 August, 1982.

5 Fig. 6 Contours of the predicted surface temperature (°C) at 4 pm
§ (PST) 2 August, 1982. Compare with Fig. 5.
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Fig. 1 Area of “Visibility reduced by smoke”
4 am (PST) 29 July to 4 am 30 July, 1982
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Fig. 3 Observed 500 mb height (gpm) at 4 pm (PST) 2 August, 1982
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Fig. 4 Predicted 500 mb height (gpm) at 4 pm (PST) 2 August, 198%
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Fig. 5 Observed surface temperature (°C) at 4 pm (PST) 2 August, 1982
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Microphysical and Radiative Simulations of Optically Thick Smoke Clouds
on the Continental Scale

Owen B. Toon! , Douglas Westphal ! '2, Krishnamurthy Santhanam>

| NASA Ames Research Center Moffett Field Ca 94035
2Pennsylvania State University , University Park, Pa. 16802
3Sterling Software, Palo Alto Ca. 94303

We are using the Penn State/NCAR regional scale dynamical model in
conjunction with radiative transfer and aerosol microphysical models
developed at Ames Research Center in order to simulate optically thick
smoke clouds as they evolve over several day time periods. Our eventual
goal is to study the interactions of the plumes from many large, separate
fires representing the resuits of a nuclear conflict. However, we first
wish to establish the ability of the model to simulate the plume from a
single large fire. We have therefore chosen to model the July-August 1982
smoke plume which originated over British Columbia and spread over the
East Coast of the United States. The particle size, optical depth, single
scattering albedo, horizontal extent of the cloud and effect of the cloud
on the surface radiation budget and surface temperature have all been
determined by a variety of researchers from ground based, satellite and
aircraft observations. = We are presently assemblying a comprehensive
set of data on this smoke cloud. Here we present two dimensional
simulations of the cloud. We use a wind profile and water vapor
concentration observed at one station as a representative. We then advect
smoke over a several day time period. Our goals are: to determine the
relative importance of vertical wind shear and duration of the fire for the
geographic area covered by smoke at any one time; to determine the
importance of coagulation to smoke particle size; and to estimate the
radiative heating rates in the cloud and the effects of the cloud on the
surface energy budget. These preliminary calculations will be used to
guide more sophisticated three dimensional interactive calculations.
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s REGIONAL SCALE SIMULATIONS OF OPTICALLY THICK
SMOKE CLOUDS

R GOAL: Perform interactive simulations of dense smoke
o clouds including dynamics, radiative transfer, aerosol
R physics and water vapor condensation.

Al Steps:
; 1. Identify natural test case and gather data.

::':‘3 2. Perform 3-d non-interactive simulations of
oy meteorology.

3. Perform 2-d simulations of aerosol physics and
b radiative heating to determine which processes are
i important.

L 4. Perform 3-d non-interactive simulations of aerosol
B physics and radiative transfer.

B 9. Perform 3-d interactive simulations.
) 6. Perform simulations of alternative fire

! possibilities (multiple fires, shorter duration fires,
RY more intense fires).
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Questions addressed by 2-d aerosol and radiative
! simulations

o 1. Does coaqulation affect the optical properties of the
:':::' C|OUd?

PR 2. Are the heating rates within the cloud significant?

o 3. What are the properties of the initial cloud that are
e needed to explain the observed properties
B3 downwind (particle size, refractive indices)?

K 4. Is dry deposition significant in the few day time
period?
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initial conditions

1. Cloud originally located over 12° of longitude at

altitudes of 1 to 3 km.

2. Initial size distribution chosen to reproduce Lodi
spectral optical depth data. (Log normal with number

mean size of 0.06um, sigma =1.6).

3. Wind speed increases in proportion to the inverse
pressure with a value of 10m/sec in the middle of the

cloud.

4. Yertical diffusion is constant at 10% cm2s~!.

5. Coagulation and sedimentation assume unit density

spheres.

Sensitivity tests

1. No coagulation
2. No vertical wind shear

3. High diffusion (10° cm2 s~ 1) in lowest km
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Figure Captions

Fig. 1 Panels a-d illustrate the evolution of the optical
depth, mass concentration, number concentration, and
extinction coefficient for three days of cloud dispersal.
The particle concentration decreases by a factor of
about 20 due to coagulation and the optical depth first
increases, due to the particle size increases, and then
decreases due to spreading of the cloud. Optical depths
of about 2 were observed in the July 82 smoke plume
over the East coast of the United States.

Fig.2 Illustrates the size distribution initially and the
size distribution after 72 hours. Coaqulation leads to an
increase of size into the range observed.

Fig. 3 lllustrates the properties of the cloud after 72
hours if coagulation is not included. Comparison with
Fig. 1d shows that coagulation leads to an increase in
optical depth.

Fig. 4 Illlustrates the cloud properties after 72 hours
without vertical wind shear. In this case the optical
depth is about the same as after 24 hours (Fig. 1b)
indicating that shear is reducing the optical depth by
dispersing the cloud. However further coaqulation
beyond 24 hours is not affecting the optical depth.

Fig. 5 llustrates the cloud properties after 72 hours
with a boundary layer having high diffusion coefficients.
The optical depth is somewhat reduced, indicating that
dry deposition may be important.

Fig. 6 Illustrates the additional heating rate when the
cloud is present. At noon (72 hours) significant heating
rates occur in the smoke cloud. At night the cloud has
almost no effect on the heatiqg [ute.
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ROh Fig. 7 Part a lllustrates the surface net radiation budget
w with no cloud while Part b illustrates the radiation with a
B cloud. At noon the cloud reduces the solar energy

o reaching the ground by almost 50X and the total energy
R by about 25X%.
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K CONCLUSIONS

At 1. Coaqulation leads to an increase in cloud optical depth
RN over the first few days.

e 2_Dry deposition is an important loss process.

,. 3.An imaginary refractive index in the range of 001 to
" 0.02 and an initial particle size distribution similar to
a;.;.:} those observed at Lodi lead to sizes and single
e scattering albedos after a few days which are close
::137 to thosé observed.

e 4. Significant heating rates occur in the cloud and a
e substantial light loss occurs at the surface.
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“0, ABSTRACT

‘I.ul

i:o',!: The location of smoke clouds from extensive Canadian forest
®

?.i fires is determined from satellite imagery for cases in the
9-'3 summers of 1981 and 1982. As these smoke clouds pass over the
Ly

;.:‘ Midwestern United States, surface air temperature effects are
na determined by comparing actual surface air temperatures with
.!’.'

::::: those forecast using Model Output Statistics (MOS) by the United
'.."

:;,':: States National Weather Service. A cooling of 1.5 to 4°c is
LN ")

) found in the daytime under the smoke plumes. No effect is found
[

s \: at night. This corresponds to theoretical estimates of the
>

f:\ effects of an elevated smoke plume. It serves as observational

confirmation of portions of the nuclear winter theory.

e

e | . Introduction

*.

.

Crutzen and Birks (1982) suggested that smoke from forest
N

',': fires ignited by nuclear weapons would be extensive enough to
}: block out significant amounts of sunlight. Subsequent work,
SN

| ] such as Crutzen et al. (1984), Turco et al. (1984), National
l'.'

::::: Academy of Sciences (1985), and SCOPE (1986), has pointed out
. "'v

'::‘:' that the smoke from urban and industrial fires would be much
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r more effective at preventing solar radiation from reaching the

ﬁ { earth's surface than forest fire smoke after a large-scale
%2 nuclear war. With both urban and rural targets, not only would
ﬁ\ more urban smoke be generated, but its optical properties would
'

%é make it more effective at blocking sunlight.

§§ The effects of forest fire smoke are still interesting,
aa however, for two reasons. First of all, a lot of forest fire
g smoke would still be generated in many nuclear war scenarios,
%ﬂ especially those that include only non-urban military targets.
i; The optical properties and surface temperature effects of this
;:‘ smoke is an important part of the study of nuclear winter.

;ﬁ; Secondly, in order to understand nuclear winter, it would
s

@% be nice to have some actual observations of the effects of smoke
x)

;J to compare to the theoretical models. Extensive contemporary
Eiﬂ urban and industrial smoke plumes are not available for study.
E%: Each year, however, forest fires are generated by lightning, and
f? in some cases can produce extensive smoke plumes. Ginsburg and
g& Golitsyn (1986) presented observations of daytime sur face
§§t cooling from extensive Siberian forest fires in 1915. Wexler
‘ (1950) presented anecdotal evidence of daytime cooling at the
3?' surface of 2-5°C from "The Great Smoke Pall" caused by extensive
;;i Canadian forest fires. In this paper, two such cases, in which
2{ smoke from western Canadian forest fires drifted across the
5 midwestern United States are investigated to attempt to measure
g their surface temperature effects. It 1is believed that "The
h; Great Smoke Pall" and the Siberian fires of 1915 were more
-?; optically thick cloud than the ones .investigated here.

2 70

FEN

L W P Ry M "y" o0
) | ST 4]
WAL "'w“.n 0.&'\‘ 4 ,.'),.h,.’l 0" c’ .s phe .o"m'l.o“. 2 ’l.l’b " fl. O 7*’ O, l. I .Mo, "‘.l, OIS ,0‘:'0‘0. .!,'.! Wiy



ey - TP T T TR Y U T THR TN TN TR T O T R TV L L T U RURVRELU SURTU N UT LU N N N

’.5‘\.'

N .

N

o . :

&ﬁ The location of smoke clouds from extensive Canadian forest
ﬁy fires was determined from satellite imagery for «cases in the
;2 summers of 1981 and 1982. The smoke clouds are easy to detect
%: with visible wavelength imagery (Figs. 2-7, 9), but are
%& invisible in infrared imagery (Fig. 8, which can be compared
{' with the visible image in Fig. 3), implying a much greater
?&5 optical depth in the visible as compared to the infrared.
:ﬁ Within 2-3 days after being produced, the smoke plumes in the
!:' 1982 case grew into an extensive shield covering about 10‘ km?.
',: There was some patchiness evident (Figs. 2-7), but the smoke
’ES veil maintained a coherent structure for several days. In the
}#f 1981 case, the smoke appeared to be in streaks, with patches of
}: less dense smoke in between (Fig. 9). The total area covered
{E was about the same as the 1982 case.

{2 As these smoke clouds passed over the midwestern United
?i States, surface air temperature effects were determined by
.*% comparing actual surface air temperatures with those forecast
iis using Model Output Statistics (MOS) by the United States
:. National Weather Service (Glahn and Lowry, 1972). This MOS
;§ error technique has been used successfully before to determine
:g surface air temperature effects of the Mount St. Helens volcanic
K

?i eruption of 1980 (Robock and Mass, 1982). The analysis was done
EE? in regions of high pressure where synoptic disturbances were not
%i affecting the temperature. The errors are attributed to the
4:i presence of aerosols in the atmosphere, since the aerosol
%E content is not a MOS predictor. The locations of all the MOS
0

o )

stations used in this analysis are shown in Fig. 1.
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i Intense forest fires burned in British Columbia, Canada,
2
‘E? on 29 and 30 July 1982 (Ferrare, personal communication).
1. '
) \{
;wn Smoke from these fires was transported by the prevailing winds,
O
oY,
f? and crossed the U.S. border in North Dakota on 31 July. It
"
;@ proceeded across the Midwest and then east over the Mid-Atlantic
S
L«
ﬁ;- states. Smoke from these fires was reported over Western Europe
f‘v on 5 and 6 August. Such was also the case for The Great Smoke
'ﬁp Pall (Wexler, 1950) and demonstrates the ability of the
W
1', atmosphere to transport smoke over long distances before it is
*."‘l
ih, removed.
@
,~¥ Figures 2-7 show both visible wavelength GOES satellite
i, LS

d
;:j images and MOS surface temperature forecast errors for 31 July
o
b:“ and 1 August 1982 at 1500, 1800 and 2100 GMT (10 am, 1 pm and
[ 4

4 pm CDT - local time in the Midwest) each day. Smoke plumes

-
£ o b

appear gray in these images, and can easily be detected over the

o

.

Midwest. On the original images, the smoke plume which was

<

headed for Europe can easily be seen on 1 August over the

Eﬁ Atlantic Ocean.

,3£ Forecast errors of -2 to -4°C are evident under the smoke
.:ﬂ plumes. Forecast errors are not evident under the smoke plumes
&i at other times of the day. Since the errors are only evident at
%{ times of maximum daily insolation, their predominant effect on
::" shortwave radiation is demonstrated.

i$g Forecast errors of the same or greater amplitude are also
:Eg evident in other locations 1in the Figures. Upon close
gi inspection, each can '‘be attributed to the presence or absence of

=40

water clouds or mesoscale features which were not well forecast

-

-
-

by the LFM numerical forecasting model, which provides the
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;mi predictors for the MOS forecasts. In clear areas, however, the
?%R only large errors are under the smoke cloud. For example, in
;ES‘ Fig. 2, for 1500 GMT on 31 July, the negative area in eastern
Eii; Michigan can be attributed to an unforecast mesoscale region of
:Ql cloudiness. The positive error region in western Tennessee and
:Eﬁ Kentucky is associated with a mesoscale clear area 1in an
s£' otherwise overcast region.
i,* In Fig. 3, for 1800 GMT, 31 July, the same error regions
PJE are present as in Fig. 2, except that an additional negative
.
%ﬁi area appears 1in Virginia under a heavy water cloud bank, and
::E small negative areas appear east and west of Lake Ontario.
i%& These latter areas become more extensive and c¢f higher amplitude
Y
Gg; three hours later in Fig. 4. They are associated with strong
'“?‘ cocld advection behind a rapidly developing mesoscale Low, the
ij& center of which is located on the Vermont-Canadian border. This
ngﬁ is easily seen on the synoptic weather maps (not presented here)
p
.sj and presumably was not well forecast by the LFM, which does not
;%‘ handle weather systems of this small scale well. 1In Figs. 3 and
f:? 4 the moderating effects of Lakes Erie and Ontario are evident,
i:é as the maximum cooling associated with this cold advection is
t; over the land areas between the lakes. The only other negative
‘i% error area, and by far the largest one, is under the forest fire
i;? smoke veil. Areas of fair weather cumulus over Illinois,
,‘; Indiana and Ohio do not produce large MOS errors.
::2 On 1 August (Figs. 5-7) the only large error regions (both
:;3 negative) are associated with a small region of water clouds
'
:“ over Wisconsin and the forest fire smoke veil. The region
:}; around the Great Lakes under the smoke veil has errors between
D) '-"'
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-1°c and -2°C, evidence again of a moderating effect of the
lakes. The thickest patch of smoke appears over Baltimore,
Maryland, in Fig. 7 at 2100 GMT, and has an error of -4.1°C
associated with it.

The results presented here are from forecasts made from LEM
runs 12 to 24 hours before the forecast time. Comparisons were
made with forecasts made with earlier and later model runs, and
the results were virtually the same. The errors (cooling) found
were much larger than the run to run differences.

Attempts were made to estimate the height of the smoke as
it passed over the Midwest. Winds were examined at different
levels during this time and compared to the motion of the
smoke. The winds corresponding most closely to the motion were
at 700 mb (3.2 km). The jet of smoke headed to Europe on 1
August corresponded to winds between the 700 mb and 500 mb
levels (3 - 5.5 km).

Eloranta (personal communication) happened to be conducting
a vertical profile study of 1lower level haze on the next day
over the eastern shore of Chesapeake Bay, due east of Baltimore
at 1700 GMT. The portion of the smoke veil that was over
Kentucky on 1 August appears from satellite images to have been
over Maryland at that time. He flew up into the base of the

forest fire smoke plume at an altitude of approximately 3.5 km

;3 and at 4.5 km (the highest altitude reached) he was still in the
X ’l

~

o smoke.

f'._‘

s

‘- A preliminary analysis of the 12 August 1981 case (Fig. 9)
LIS
,C also shows daytime cooling under the smoke. In this case, the
T

:::'" smoke is not as uniform, but appears in streaks. The cooling in
“"

ﬁhh\'

“

F "4




®

i

4

R

i this case 1is =-1.5 to -3°C. A preliminary examination of the
g& satellite images from this case shows shorter shadows at sunrise

and cumuliform clouds casting shadows on the smoke later in the

b

e
S

day. These both suggest that the smoke was at a lower elevation

)

W GaW

o on these days.
1t

oS

).I \;h 3 Di .

A cooling of 1.5 to 4°C is found in the daytime under

R,

! » .
hj% forest fire smoke plumes in two cases in 1981 and 1982. No
oY
¥ :
?:: effect 1is found at night. This corresponds to theoretical
&
‘hf estimates of the effects of an elevated smoke plume (Ginsburg

kL and Golitsyn, 1986) with optical depth of approximately 2.
’b Ferrare (personal communication) reports theoretical estimates

. of the optical depth of this smoke cloud, based on

>

multi-spectral satellite measurements, of 2 to 3.

\.'(

¥

!ﬁ} This result serves as observational confirmation of

w,u

10

TR, ortions of the nuclear winter theory. Smoke from burnin
P g

9

it: cities, which could result from a large scale nuclear war, would
ftf be a better absorber of shortwave radiation than forest fire
ﬁE; smoke, and would therefore produce even larger sur face
£:¢ temperature drops. The relative amounts of forest fire and city
:$§ fire smoke resulting from a nuclear war would be

y

ad

scenario-dependent.

L
-

o
ot 4 Plans for further work i
:tﬂ 1
'}ﬁ Several more aspects of this research are planned. These }
V. |
e include: i
[ J ,
e - complete study of 11-13 August 1981 case. Satellite ;
S1d
k': images and MOS forecasts have already been obtained. |
) |
' I
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- search for other cases to study that can use the same

research technique. They would have to have extensive

smoke veils over clear areas of the U.S. One

possibility is 10 September 1981 (Fig. 6, Chung and
Lee, 1984).

- use a radiative-convective model to calculate the

theoretical surface cooling that would result from the

cases studied here. This would require knowledge of

the height of the smoke cloud and the radiative

parameters of the smoke particles. Ferrare (personal

communication), in collaboration with Kaufman and

Fraser at NASA/GLA will complete within the next month

a study of the 1982 case presented here, in which they

?Ej use a multi-spectral satellite technique to obtain the
}; optical depth, single-scatter albedo and mean mass
gﬁ; radius of the smoke particles at a number of locations
g\ on several days. I intend to obtain the data from
f§ them and do these calculations.

i#ﬁ - I have obtained data from the U.S. network of surface
;EE radiation stations for the 1982 case, and will search
'?? them for information which may be useful to compare to
: d the Ferrare data.

i? - work with Toon and Westphal (personal communication) who
‘.' are using a mesoscale dynamic and radiative model to
3; study the 1982 case. I will compare the location of
jﬂ the smoke' plume and the surface temperatures that I
tﬁ; have obtained to those that they calculate. This will
l:} help to verify their model and suggest other
;sg observational studies of this case.

§
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.kg Radioactivity; A Survey*

W Charles S. Shapiro
) Lawrence Livermore National Laboratory
,p?; and San Francisco State University

0 and

W Ted F. Harvey
Lawrence Livermore National Laboratory

s ABSTRACT

1. Sources of Radioactivity; fission, fusion, neutron activation -- weap-
ARG ons, fuel cycle facilities.

Wl 2. Global Fallout; injection and deposition parameters -- scenarios,
models, meteorology; intermediate time scale (tropospheric) and long
time scale (stratospheric), "nuclear winter" climate effects.

Knr 3. Local Fallout; injection and deposition parameters -- scenarios, mod-
Tty els, meteorology.

X 4. Dose Assessments and Biological Effects; acute vs. chronic, high dose
and low dose, protection factors (humans) and unshielded dose (other
i biota), biological repair, external dose and internal dose.

wny 5. Nuclear Fuel Cycle Sources; reactors, spent fuel storage, reprocessing
aﬁ plants, waste storage facilities, Chernobyl -- a case study.

A% 6. Future Work.

N Presented at the Defense Nuclear Agency
K "Global Effects Program Technical Meeting,"
: Santa Barbara, California, April 7-9, 1987.

iy +This work was performed under the auspices of the U.S. Department of Ener-
I gy by Lawrence Livermore National Laboratory under Contract W-7406-Eng-48.
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MODELS

GLODEP2: Estimates gamma ray dose
from global fallout.
Authors: L. Edwards, T. Harvey,

K. Peterson ( % J/
Reference: UCID-20033 (1984) rph

GRANTOUR: Calculates the 3-D transport,
W diffusion, and wet and dry

bid P“”} deposition and dose from tropo-
wolta spheric global fallout.

Authors: J. Walton and M. MacCracken
Reference: UCID-19985 (1984)

KDFOC2: Calculates local fallout.

Authors: T. Harvey and F. Serduke
Reference: UCRL-52858 (1979)
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2 ‘_ Nuclear War Scenario
4
':{ Rnox (1983) 5300 Mt ~SCOPE (1986) 6000 Wt
::: baseline nuclear war basel ine nucliear war
3
Total ~Total tission Total Total tission
;:;.. yield/warhead yield injected yield/warhead yield injected
(“ - (Mt) (Mt) (Me) (Mt)
a8
o 20.0 305 5.0 308.7
’\ 9.0 238 1.0 1100.0
o 1.0-2.0 355 5 522.1
A's'; 0.9 875 .3 234.3
W
,,Q"_','. 0.78 15 .2 87.3
oo 0.55 220 1 89.6
A 0.3-0.4 115 .08 33.1
pey 0.1-0.2 110
_\_-f
¥ <0.1 1
_ Mt of fission products injected into atmosphere Knox SCOPE
y ' polar troposphere 226 473
-f.: lower polar stratosphere 1234 1652
1
'j: upper polar stratosphere 571 250
Y
Pt Total 2031 2375
y
ot -
e Fraction of yield in surface bursts 0.47 0.42
e Fission fraction 0.5 0.5
K-¥ Total number of explosions 6,235 12,641
. Average yield per explosion (Mt) .85 .47
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e Global Fallout Dose Assessments (Rads) for an
:::;:;. Unperturbed Atmosphere With No Smoke

E::::‘E: Knox (1983) 5300 Mt baseline nuclear war

i

!

‘;o;');c Latitude band A B C D
i

;!j:.::' 70-90N 2.9 6.6 4.5 8.01
e 50-70N 21.7 22.1 27.3 21.3
‘ 30-50N 27.4 27.2 32.9 26.4
2o 10-30N 5.6 9.0 6.9 8.6
5 10S-10N 0.5 1.1 0.8 1.2
i 10-308 0.4 0.6 0.6 0.6
e 30-50S 0.6 0.8 0.8 0.8
M 50-705 0.5 0.5 0.5 0.5
% 70-90S 0.2 0.1 0.1 0.1
a

" Area averaged--N.H. 13.1 14.6 16.2 14.3
:::n{: Area averaged--S.H. 0.5 0.6 0.6 0.6
i Area averaged--Global 6.8 7.6 8.4 7.5
;‘:f:' Global population dose

g:", (x1010) person-rads 5.5 6.3 6.7 6.1
e

O‘ ]

,, . A = Summer injection using GLODEP2

T B = Summer injection using GRANTOUR (run for 30 days) with stratospheric
e contributions from GLODEP2

\: C = Winter injection using GLODEP2

R D = Winter injection using GRANTOUR (run for 30 days) with stratospheric
w contributions from GLODEP2
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Global Fallout Dose Assessments (Rads) using GRANTOUR;
Comparing Perturbed Atmosphere (Smoke) and
Unperturbed Atmosphere (No Smoke) ;

Land Areas Only

Latitude band K1 K2 S1 52 K3

K4

(No Smoke) (Smoke) (No Smoke) (Smoke) (No Smoke) (Smoke)

90-70N 8.4 6.5 13.5 9.6 8.0
70-50N 26.4 17.2 45.9 26.6 22.4
50-30N 32.6 23.2 55.8 38.0 28.0
30-10N 10.1 7.1 16.4 10.1 8.7
10S-10N 1.1 1.2 1.5 1.7 1.2
10-308 0.6 0.7 0.8 0.8 0.6
30-50S 0.7 0.9 0.6 0.9 0.7
50-70S 0.3 0.4 0.2 0.3 0.3
70-90S 0.1 0.1 0.1 0.1 0.1
Area averaged--N.H. 20.7 14.4 35.3 22.0 17.8
Area averaged--S.H. 0.5 0.6 0.5 0.7 0.5
Area averaged--Global 14.3 10.0 24.3 15.2 12.32
Global population dose
(x1010) person-rads 7.4 5.2 12.4 7.9 6.3

8.1
22.1
26.9

8.0

1.2

0.6

0.7

0.3

0.1

17.2
0.5
11.9

6.0

K1 8 K2 = Knox 5300 Mt (1983) Susmer injection

S1 & S2 = SCOPE 6000 Mt (1988) Summer injection

K3 & K4 = Knox 5300 Mt (1983) Winter injection

The doses here incliude the stratospheric contributions as calculated by
CLODEP2 and GRANTOUR (run for 30 days)
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100 rads

50 km

this season. For a 1-Mt weapon, the lofting
300

tivity is 0 high that topographic features are not expected to play a large role in pattern

ictions for a 1-Mt all-fission weapoa detonated at surface. A mid-

1000
3000

tional wind shear thas is typical 4
10,000

contineatal Northerns Hemisphere summer wind profile was used. The double-lobed pattern is due
uring
development; thus, a flat surface has been used. The protection factor is 1 The local terrain is

Figure 1 48-hour dose
assumed to be a rolling grassy plain.
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70-90S
0.09
0.01
0.03
0.02
0.15

A
2
1.2

. 50-708
0.5
0.1
0

0.6

ds as a function of the 9
2.7

s and a 100 Gw(c) of nuclear power industry. These

0.6

0.3
1.0
0.6
25

10-30S 30-508
08
0.
1.

e IN ra

06
2.3
1.4
5.1

Latitude bands
08

6.9
3.0

30-10N 10N-108
11.3
28.2

50-30N
329
9.1
32.1
20.1
94.8

Clobad Fllo¥

Uniform 50-year gamma-ray dos
latitude bands for the weapon

70-SON

271.3

18 6.3

23.8

14.6

72.

90-7ON
6.7
4.1
17.1

n

3

values do not take into account any weathering, sheltering or rainfall factors.
dSource

Weapons 4.5

TADLE 8.11.
LWR

FRP
TOTAL
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lutuimdd Dpe Ciloidotrpcy

e Forage-cow-milk,

o Pasture- meat (including steer, lamb, and hog
meat),

o Leafy vegetable,

o Grains and other non-leafy crops,

e Fresh and salt water fish, and other edible
aquatic animals.

e Surface air concentration of the radionuclide,

e Deposition of Cs-137 on the grass or dry feed,

o Fraction of the nuclide that remains on the
forage,

o Residence time of the nuclide on the forage,

o Intake rates of both wet (grass) and dry (hay)
feed consumed by the cow,

* Concentration in milk,

e Dose per unit activity ingested,

e Infant's milk consumption rate.

(a) tittle or no effect,

(b) stight to moderate effect,
(c) moderate to large effecs.
(d) targe effect.
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relationship between variables that
contribute to a dose conversion factor.

Pathway| | Nuclide

Figure 3. A simple flow chart illustrating the

Concentra
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Time-Integrated

119

".“, \ lo‘ ll.( ¥y
FEN “‘ Mot .s',_- : ’\H et (»,\H

V.7 Iy
v ,*_c,‘ ‘n.l.;?
s

‘ A 0 ‘ X)) ‘ \) \"l\" ) ."k
‘ i Qi !‘ lh\. i ‘i" i' ' '. Q. If:’(»!|l;‘l!Q l>‘"



4
L)

k4]

61

Person

74

el BPE ¥

x(cc-tanovozzrxc_:o-nnor)-»

0 ) 0
% 78 Dose

8

: : Fig. 1 Reconstructed Tota! Body doses

: to offsite residents of NTS during the 1950's.
p

]

1290

..9\ DORONOTI00G e
1 n' \. .‘ ‘0 ‘0 ‘6 ‘1’ ‘ﬂ l g q‘ T “?49 "ﬁ“. ".ﬁhl"‘,‘ .‘

[(RIOLTORN » DA U '|'v:.t,7“
‘ A et “*"‘,t ‘3“ n‘,() c,l'a,tg i W :ﬁ;‘:!:'t‘/’ ¥ :;.\'o 2 s.o‘l I \‘,’a' X ‘ A g "

u"e




POSSIBLE FUTURE TRENDS
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(a) targeting of warheads in flight and dispersal of fissile fuel
(b) targeting of nuclear power plants dedicated to ground based laser

(a) increased accuracy

(b) decreased field per device
(c) decreased total yield

(d) earth penetrating warheads

(e) chang

(1.) Changing Nature of Stockpile and Scenarios
(2.) S.D.IL
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SYMPTOMATOLOGY OF ACUTE RADIATION EFFECTS IN HUMANS APTER

EXPOSURE TO DOSES OF 50 TO 3000 RADS (cGy)

George H. Anno
Pacific-Sierra Research Corporation
Los Angeles, California

Siegmund J. Baum
Bethesda Physiological Studies
Bethesda, Maryland

Robert W. Young
Defense Nuclear Agency
Washington, D.C.

H. Rodney Withers
UCLA Center for Health Sciences
Department of Radiation Oncology
Los Angeles, California

Paper Presented At

GLOBAL EFFECTS PROGRAM TECHNICAL MEETING
Santa Barbara, California

7-9 April 1987
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INTRODUCTION

(Slide 1] Because of continuing interest in acute
radiobiological effects of ionizing radiation, we reviewed
the available literature to develop a symptomatology basis
for assessing early functional impairment of individuals who
may be involved in civil defense, medical care, and various

military activities in the event of nuclear attack.

This paper will summarize our information sources and
describe how we distilled from them descriptions of human
*
signs and symptoms for prompt ionizing dose in the range S0

to 3000 rads (cGy) midline body tissue.

Before I get started, let me first mention that the
authors would like to acknowledge the Radiation Policy
Directorate of the Defense Nuclear Agency, in particular
Drs. David Auton and Robert Young, for supporting our ef-

fort.

This review was undertaken as a group effort where

varying individual interpretation of frequently imprecise or

"Symptoms' is used to mean both subjective evidence
and objective signs of radiation sickness.
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’iﬁ‘ lacking information was resolved by arriving at a consensus
N in constructing our representations of acute radiation

’Q; sequelae. Rather than restating the well known variability
ﬁﬁ in acute human response to radiation, specifically, our

*{ﬂ: objective was to analyze the available data and correlate
radiation sickness symptoms with dose levels and time in
P order to develop a consensus about typical symptomatology

) for incidence, onset time, severity, and duration.
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- SOURCES OF INFORMATION

k)

>

>

N [Slide 2] Data on human radiation sickness signs and
Y

;é symptoms (for convenience we simply refer to symptoms) are
)

n'l:

both diverse and sparse. Our information, representing a
review of well over 100 references, fall into four general

categories: (1) case studies of nuclear accident victims,

Y=, -
ferte”™ ¥

N A @ ke ey

(2) records of total-body radiation therapy patients, (3)
"composite™ analyses based on data from a variety of
sources, and (4) expert opinion, sometimes elicited in
private communication. Additional information comes from
survivors of the atomic bombings in Japan and those acciden-

tally irradiated in nuclear tests in the South Pacific.

K No one source category provides a comprehensive picture

of the incidence, severity, and duration of radiation sick-

,: ness in humans. For example, the data on atomic bomb sur-
e
ﬁ: vivors are usable for delayed hematological effects ( 1 week
.
[
e postexposure) but are more uncertain for early acute ef-
oy
3ﬁ fects; records of symptoms during the first few postexposure
(X
§ days were constructed some time after the fact. To refine a
\
® plausible description of acute symptoms, we evaluated the
) . . .
b, data from a variety of sources. The handouts contain a list
hy
:S of our references.
|
]
">
>
4
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k: With the next few slides, I will point out what aspects
*:, we focused on to construct our typical sequelae repre-

sentations.

J:-‘n'
w

55

x 4‘5-.

o @ 505

128

"9 DO " Of |( AT LD
X l yi‘ v, i "l qx!. l."l:g , .’l q' Q’ " l‘ "q l.g l" l . l‘c:?:qi I"ll. ."g‘l‘g I’, t’ A ‘v!_‘,:n':l_i’_:*i:,}

qlr



e (Atomic bomb survivors)

® Accident victims
o Therapy patients
® Composite sources

2]
HUMAN DATA/100+ REFERENCES
e Expert opinion
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ANALYTICAL CONSIDERATIONS

[Slide 3] The period of acute illness is convention-
ally divided into the prodromal or initial phase (1 to 3
days after exposure) and manifest illness phase (1 to 6
weeks after exposure); these times, of course, depend upon

dose level.

The main prodromal symptoms relevant to functional
impairment are nausea, vomiting, anorexia, diarrhea, fluid
loss, and electrolyte imbalance. Concomitant effects, either
a direct result of radiation or secondary to fluid loss, are
headaches, fainting, and prostration. Other early effects
with a different pathophysiological base are fatigue (more

specifically fatigability) and weakness.

The manifest-illness phase is dominated by bleeding,
fever, infection, and ulceration due to injury of the
hemopoietic system. Higher doses can produce hypotension,
dizziness, and disorientation. Fluid loss, electrolyte
imbalance, and delayed diarrhea recur after relatively high

doses because of damage to the intestines.

Symptoms were also grouped according to physiological

relationship designated by the double capital letters in
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;@; parentheses, i.e., upper gastrointestinal distress (UG),
4

§|"

gﬁ- lower gastrointestinal distress (LG), fatigability and

§

A

e weakness (FW), etc.

t \l

3

oy

‘\‘ .':

‘:"'a

o .

BXY [Slide 4] To express symptom severity, we use the

14

v terms "mild," "moderate,"™ and "severe"--common clinical
At

;‘ i. . . . .

g& distinctions--but we are unable to quantify the terms for
e

aﬂ most of the symptoms. For example, by what measure could one
4& distinguish moderate from severe nausea or headaches? Some
l‘g'l

%ﬁ quantitative links are possible but we mainly rely on

qualitative understanding of the distinctions.

Mild vomiting or diarrhea may mean a single to a few

ﬁg episodes; moderate, several episodes; and severe, many and
;9. profuse episodes. Fatigue and weakness are potentially

%ﬂ quantifiable since exertion, necessary to reveal those

;{' symptoms, is measurable; however, few data have been col-
:i lected. With regard to hypotension, "mild" may refer to a 10
i' percent drop in blood pressure; and "severe,” a drop of 30
g& percent or more. We quantify hemopoietic injury by drops in
? lymphocyte, granulocyte, and platelet counts. Net continued
?: fluid losses of up to 2 liters are considered mild to

'3? moderate; more than 2 liters can be severe.

5‘

o
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RA ACUTE RADIATION SYMPTOMS

! ® Nausea ; : :
i Vomiting } Upper Gastrointestinal Distress (UG)

0 ® Diarrhea — Lower Gastrointestinal Distress (LG)

" e Fatigability
R Weakness } (FW)

o ® Hypotension
e Dizziness } (HY)
) Disorientation

) ® Infection )

Ytk Bleeding (1B)
By Fever

e Ulceration

o ® Fluid loss

X Electrolyte imbalance )
Headache (FL)
e Fainting s

i Prostration
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2 Also, our correlations of severity level with time are
EE% gross representations; even though severity may vary con-

> siderably over time, we did not attempt to develop detailed
%:E: time-intensity profiles because of the lack of appropriate
:E:: quantitative data.

(L

[ 4

P

::.E [Slide 5] For symptom incidence we largely utilized

:'L‘! results from probit analysis of data from the accounts of
, accident victims and over 2000 therapy patients. However,

.}:::j the probit data are not specifically correlated with postex-
:;::. posure time, but we were able to infer the time dependence
‘;:.‘ of symptom incidence from various portions of the body of
3:3 literature reviewed.

‘::‘: Results of probit analysis relating symptom incidence
;:E: to radiation dose are shown on lognormal probability paper:;
iS:f the straight-line curves assume a lognormal distribution and
;;:' the concave curves, a normal distribution. The lognormal

;:':' form generally fits the data better. Exceptions are the

%:*:E incidence of diarrhea at doses above 250 rads and the in-

P cidence of fatigue at doses above 300 rads, for which we use
EE:S the normal curve estimates.

"

o

o7

133

LN 4 W, ) 9@' i 3:5€

e ,1 'n’ DO ” E ,‘ ,‘! "I' X ‘I“ vt l,‘ 5’0 h‘ 'i p,l r‘l % l;al.g‘l,p).@, )4 .l y. ‘.;'\ ’i' g : 14.:3“: y)}ﬂ‘ y‘r', ’.9:%::€:f:si’,:’:-.j~? PO
. PR EL 1 2P

ey, 8 e H;(Hn“aw



W SYMPTOM SEVERITY
“ QUALITATIVE REPRESENTATION

e Mild
" ® Mild to moderate
X ® Moderate
K ® Moderate to severe
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L7

o
-
X

The probit curves for diarrhea reflect data gathered

G over a six-week period following exposure. Since the data
J. f .

:ﬁ{ are not time~-resolved, the curves include later as well as
l"{ early occurrences. However, clinical experience indicates
X

:$$ that delayed diarrhea occurs a few days to a week after
7'.‘.0'

ﬂﬁﬁ exposure. Early diarrhea most likely doesn't occur unless
1:0.0!

v’ the dose is at least 300 rads where about 10 percent would
o

jﬁ; .experience one or two episodes 3 to 6 hours after exposure;
el

fﬁ& at 2000 to 3000 rads, 30 percent could have early diarrhea.
io'.::a

®

KUSC

S

i,

ﬁﬁ' [Slide 6] Because of the sparseness and quality of

HY

human data, quantification of incidence of death due to

Aﬁﬁ radiation is uncertain. The three curves shown here il-
ﬁé' lustrate the uncertainty: the LD., ranges from 256 to 325
'fﬂ rads. We use the right-hand curve estimated for healthy
%ﬁ adult humans based on an LDSO of 450 rads (cGy) air dose;
:ﬁ% the slope is from experiments with large animals, since
'%? lethality dose curves tend to be parallel for dogs, swine,
§§f sheep, goats, etc.

B

B

K

;%' [(Slide 7] For mean time of death, we use the ranges
gg' given by the heavily outlined boxes to indicate the period
ﬁ ﬁ over which fatalities are likely to occur for a given dose
2

7
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(PROBIT ANALYSIS—ACCIDENT VICTIMS AND THERAPY PATIENTS)
REFS. 67, 69, 70
”
(4
DOSE, RADS (cGy)

D(N) = DIARRHEA (NORMAL)
|
30

701~ F(N) = FATIGUE (NORMAL)
—
1
40 50 60

T
A = ANOREXIA
90 N = NAUSEA
V = VOMITING
D = DIARRHEA
801 F = FATIGUE

] ] | L |
2 82 8 8 8 e
';.::- (%) IONIAIONI

—

6
2

SYMPTOM INCIDENCE RELATED TO DOSE

i 136

]
[}
R B 3 N v . ¥ . 48 "3t
ROSGSOBOSOASBOAGHNNC GOS0 ORI YOO NOOSGHGR OO GHONAO ORI
ROSERS .’ﬂ'.“.‘i‘t“.,!;.*?‘fa".*-'J.ﬂ.f",,‘:.‘,"".!:‘.}f Oy "i‘?&&fﬁi'i’z’,’\s AOUOOROE. ":.5’:’05:,!’:%&:." it

L LA A A Y P T T e
ﬁjf‘tft‘q,‘ﬂ’i,ﬂﬂ‘! L) ngﬂggl‘a&‘gf. . 5“0 .

NER




LETHALITY RELATED TO DOSE

REFERENCE 81

=2
S &
™

REFERENCES 31,34

INCIDENCE (%)

REFERENCE 67

::’:: DOSE, RADS (cGy)
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level. Data are insufficient to specify a time distribution
of mortality. These ranges are consistent with a consensus
of fairly recent opinion and some more recent data points
for human fatalities. For comparison a curve previously
drawn through three earlier human data points is shown; the
curve's shape is inferred from animal data. Relative to the
curve, a trend toward earlier death with doses above around

1300 rads is suggested.

[Slide 8] Estimates of the onset of prodromal symptoms

are based on the data points logarithmically plotted here

against dose indicated by symbols representing the four

categories. Accident, therapy, and expert opinion symbols
indicate firm information; lines connecting the composite
symbols indicate fairly wide ranges of uncertainty; arrows
indicate open-ended values and thus reflect an even larger

measure of uncertainty.

Because the data vary greatly in density and precision,
numerical curve fitting techniques (such as regression
analysis) were not applied. Instead, we drew a curve through
the data points to represent "typical®™ individuals favoring
accident and therapy data over the other two categories,

which shows onset time inversely proportional to dose.
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{32 TIME OF DEATH RELATED TO DOSE
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(The

uncertain

the curve

exact trend at the high end of the dose range is
because of the lack of empirical data. However,

is supported by the accident data point at 8800

rads, and expert opinion suggesting that persons exposed to
several thousand rads will probably show the eutire range of

prodromal symptoms within 5 to 15 minutes.)

Prodromal symptom duration, manifest illness phase
onset and duration were related to dose plotting appropriate
data in a similar manner. I should like to point out that
our estimates of duration account for symptom occurrence in

three ways: continuously at one level of severity (e.g.,

anorexia); continuously with varying severity (e.g.,

fatigue); and intermittently (e.g., vomiting and diarrhea).

Let me briefly comment on the variety of dose rate
contained in the data. Accident victims were exposed to from
hundreds to thousands of rads in a fraction of a second as
compared to therapy patients undergoing total-body irradia-
tion exposed to from a few to 30 rads/min given over periods

of minutes to hours.
Given the great differences in dose rate between acci-

dent victims and therapy patients, we might expect their

prodromal symptoms to begin at different times. However,

140
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i correlation of onset time with dose level shows no marked
N difference between the two groups suggesting that onset

oS depends more on total dose rather than dose rate in the

) therapy range. We, therefore, believe data from therapy

%] patients are applicable for deriving typical acute response
'ﬁ'* patterns for symptoms such as nausea, vomiting, and

r fatigability.
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- SYMPTOMATOLOGY DESCRIPTIONS
" 1
°
o'::‘
QQ [Slide 9) We subdivided the dose range of 50 to 3000
L
uf rads into eight subranges reflecting important pathophsyical
I‘ 9
) '.l
55 events. Doses in the lowest range, 50 to 100 rads, cause
.a,'..
$$ minor acute damage to the hemopoietic system and mild
“0!-
{ prodromal effects (nausea, vomiting, anorexia) in a small
w' number of irradiated persons.
:E'o
"y
’6' In the dose range 100 to 200 rads, prodromal effects
L
" and injury to the hemopoietic system (primarily the bone
5
53 marrow stem and precursor cells) increase significantly.
Lx 7,
However, victims will probably survive, except for the 2 to
4.5"
af 5 percent who will die after doses of about 200 rads. The
Wy
ﬁk probability of death increases if victims are already
l’.
i
D) weakened by other conditions, such as infection.
‘:‘;‘
! Although survival is possible from 200 to 350 rads,
L
p prodromal effects become pronounced. Victims also suffer
»
?\ moderate to severe bone marrow damage. As the dose reaches
s':'
wﬁ about 325 rads, 50 percent who do not receive appropriate
1
' medical care may die within 60 days.
KD
.;3.
3
:& From 350 to 550 rads, symptoms are more severe affect-
L%4

ing nearly all exposed. If untreated, 50 to 99 percent may
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o

H o

)

o die, primarily because of extensive injury to the

I‘

% hemopoietic system, manifested by overwhelming infections

)

,% and bleeding.

l -

?‘ Between 550 and 750 rads, responses begin to reflect

3

§ the combined effects of gastrointestinal and hemopoietic

X

j’ damage. Survival is almost impossible short of a compatible
g‘ bone marrow transplant and extensive medical care. Nearly

D)

o everyone irradiated at this level suffers severe prodromal
"

': effects during the first day after exposure.

N

‘; i

! Between 750 and 1000 rads, injuries are much more

%, severe due to greater depletion of bone marrow stem cells,
fﬁ increased gastrointestinal damage, and systemic complica-
S

-ﬁ tions from bacterial endotoxins entering the blood stream.
)

D

E; At 1000 to 2000 rads, death results in less than two
R weeks from septecemia due to severe gastrointestinal injury,
e

" complicated by complete bone marrow damage and the cessation
3 of granulocyte production. Above about 1300 rads, death may
f; occur sooner from electrolyte imbalance and dehydration due
X to vomiting and diarrhea, especially in hot or humid condi-
®

% tions. Extremely severe gastrointestinal and cardiovascular
L

o damage causes death within 2 to 5 days after doses of 2000

1 to 3000 rads.
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DOSE RANGES AND

03 ASSOCIATED PATHOPHYSIOLOGICAL EVENTS

i Dose Range

4 rads{cGy)

Pathophysiologicai Events

Prodomal
Effects

Manifest-liiness Effects

Survival

:E,' 50-100
)
100-200

' 200-350

:' 350-550
83

) 550-750
K 750-1000
e 1000-2000

# 20003000

Miid

Mild to
moderate

Moderate

Severe

Severe

Slight decrease in biood
cell count

Beginning symptoms of
bone marrow damage

Moderate to severe bone
marrow damage

Severe bone marrow
damage

Bone marrow pancytopenia
and moderate intestinal
damage

Combined gastrointestinal
and bone marrow damage;
hypotension

Severe gastrointestinal damage
Upper haif of range; early transient
incapacitation; gastrointestinal death

Gastrointestinal and cardiovascular damage

Virtually certain

Probable (> 90 percent)

Possible-
Bottom third of range:

L.Ds/60

Middle third: LD1°/60

Top third: LDSO/SO
Death within 3%-6 weeks--

Bottom haif: LD90/60

Top half: LDQQ/GO

Death within 2-3 weeks

Death within 1-2% weeks

Death within 5-12 days

Death within 2-5 days
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KN (Slide 10] Here is an example of the symptom charts we
St developed for the 350 to 500 rads dose range. Symptom charts

. for all eight dose ranges are included in the handouts.

ﬁw The charts portray symptom onset severity, duration,
et and incidence. Symptom incidence is expressed as percentage
rgrs affected. Both symptom incidence and severity are expressed
Q broadly with time because of the lack of specific time-

i resolved data.

Y (Essentially, this chart shows nearly all persons

;ﬁu exposed experience moderate to severe symptoms the first day
reyty postexposure, moderating within a day or so. Fluid loss

o without replacement from severe or prolonged vomiting can
K affect electrolyte balance. With the exception of

J fatigability and weakness, there is a period of symptom

remission from about 2 days to a week following exposure.)

i [(Slide 11]) Next, I will present some summary slides
which illustrate the overall picture we formed for acute
e radiation sickness symptomatology; these illustrations are

in the handouts so I won't spend much time discussing them.
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:.*.‘:;' SYMPTOMS FOR DOSE RANGE 350 TO 550 RADS (cGy)

:.'!.'i Postexposure Time

KO Hours Days ' Weeks
' 1 2 3 4 5 6

7
G Sympcom 0 8 12 16 20 2% 1 2 kA S 6
—!‘t'. rrryrrtrrorororo— R AR
'I. | | |

0T ————

';l':‘l Nausea - 3:221 moaerate 60-100% -
‘l:.‘l moderace

it Vomiting e 80~ L 00% cnnmm——f ——

(recching) severs mogerace
d ‘;‘;' Anorexia » 1002 p—00% e

’|'0 ' Diarrhea e ~10% Udtrlt. Q=1 002 aummte
(cramps) o seavere moderace
6'.] Co severe

~
-4
p

t‘.:l Facigue —————————— 90~ 1002 moderace to uvllcn—_-——-
AL 1
® Weakness eme——— 30~ 1002 moderace O Severs emsemmssens——

v
h':’ Hypotension

.:. Dizziness Moderate 02
Disoriencacion “epo(l cume

O] Bleeding e @ 9250~ 100 commmmmat -

moderace

to severe

..‘:ig' Fever ‘

0 B(f) o) (= | 007 eommmm— e
moderace

X Infection ! ()=t cevere

A0 Ulceracion b507 mild to ewmjee

il moderate

o Fluid loss/electro~- 30/ Wi | G eom—— () ey -
.!.:| lyce imbalance’ to moderace

‘.: Headache e 502 ®ild " 9507 ant ==
D to moderace Moderace

At Fainting §50% f e
Prostracion 502 ey =

L Death P 50-99% e
( ‘.' I_L T S N I N S NN S | ' . ; . " ! . . . . !
n:.'\' ®severe drop ia platelecs: from 3 x 103/emd to 0.1 x 103-0/am3.

et Coqvere drop ia granulocytes: from 6 = 103/ma} to 0.5 * 107-0/mm3.

Ssevere drop in lymphocyces: f(rom )} x 103/mm3 to 0.4<0.1 = 107 /mm3.
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o
e
&, This is a summary chart of the six symptom groups for
_E; all eight dose ranges for times up to six weeks following
[
L)
;E exposure. Each of the six groups include symptoms indicated
g
1)
f{’ in Slide 3; symptom incidence is also indicated along with
32 severity, denoted by shading.
BN/
!
R
R
[ 4
§§ [Slide 12] This chart shows the combined symptom
W
k)
ﬂ: course of acute radiation sickness for the eight dose
A
:Q ranges. Notice that beginning with the 350 to 550 rads dose
®
Y, range, fatigability and weakness (FW) continues with no
B0
)
f remission period.
L
WL
gh
b
9,
ﬁ: [Slide 13] Here are some surface plots which il-
al
%, lustrate symptom severity related to dose level and postex-
N
J
o posure time. Because dose and time are expressed logarithmi-
)
? . .
gﬂ cally (to include the full range of dose and time) visual
e
N
&: distortion is introduced where the slope of the surface for
5§ small doses and/or early times appears much more pronounced
".‘
@: than that of large doses and/or times.
b
o
®
‘.'.
t,:
{x [Slide 14] These are additional surface plots of
WYy
& symptom severity plus a composite representation of all the
)
3
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LOWER GASTROINTESTINAL DISTRESS

ACUTE RADIATION SICKNESS
DOSE-TIME SYMPTOM SEVERITY

UPPER GASTROINTESTINAL DISTRESS
FATIGABILITY AND WEAKNESS
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symptom groups referred to as "Acute Radiation Sickness.”

%5 In conclusion, we point out that general application of
?g these descriptions carries some reservations because of

gﬁ. differences in population characteristics, environmental

g{ conditions, and medical attention. Accident victims and

ﬁg therapy patients had the benefit of medical care, which hay
g-: not be available. On the other hand, factors such as youth,
3% vigor, and motivation may to some extent counter the effects
a? of radiation injury on functional capability. The data do
ﬁ{ not permit a quantitative assessment of the tradeoffs be-

g; tween postexposure medical care and preexposure robustness.
e Although both are important, we believe that preexposure

Eﬂg health condition may be relatively less important in resist-
%& ing the debilitating effects of radiation than postexposure
ff“ medical care, barring prior infection (bacterial or viral)
gi or serious disease. The medical care (environmental control,
ﬁ? broad spectrum antibiotics, antifungal, antiviral, fresh

3& platelets, total parenteral feeding, electrolyte replace-

ﬁg ment) given to the Chernobyl accident victims seems to bear
3§ this out based on larger LD., estimates (400 to 600 rads)

ig made by some. However, complications from secondary injury
;L (thermal and beta radiation skin burns) as well as dose

ﬁ? protraction (few to several hours) compounds such an assess-
e ment.
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ACUTE RADIATION SICKNESS
DOSE-TIME SYMPTOM SEVERITY
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o
BNy
' O
o'
mn
a4
Ay [Slide 15] Our study of acute radiation sickness
$§ provides the basis for estimating the expected functional
e
ﬁs capability of individuals after a brief exposure to ionizing
ﬁ‘. ]
0 radiation. Here we can get an idea of the gross functional
)
%ﬂ impairment of individuals who may be involved in emergency
%)

'
h: civil defense activities. Physically undemanding tasks are
o

!
}k* those that require cognitive capability such as communica-
mﬂ tion, navigation and plotting, counting, fine motor coor-
|..'!
&? dination, etc. "Effective" may correspond to from normal to
“‘| 4
&ﬂ 75% capability; "degraded", from 25 to 75% capability; and
®
5% "ineffective®, less than 25% capability. The low portion of
W
.ﬁ# the curves from 10-15 hrs postexmosure corresponds to the
L)
[
ﬂ% maximum expression of initial symptoms of acute radi=tion
m- sickness. The high portion of the curves from 2 to 4 days
)
}& represents a transient period of remission of symptoms
N .
0 followed by a second onset due to the latent expression of
) . .
2y symptoms caused by radiation damage to the blood-forming

-~
b organs.
Al

*
o
i
SQ (Slide 16) Physically demanding tasks, for example,
Kl
b lifting and moving heavy objects, climbing flights of
;; stairs, running or walking appreciable distances, etc., are
e
ﬁs more adversely affected by radiation than unuemanding ones.
i"..
-?ﬁ For example, funciional capability for performing physically
‘.' N
.'
o
o
Y
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demanding tasks would continue to be affected after several

hours postexposure for doses as low as 150 rads (cGy).
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\ ACUTE RADIATION SYMPTOM CHARTS

® 50 TO 3000 RADS (cGy) MIDLINE BODY TISSUE

(7
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DISCUSSION

Doses of 50 to 100 Rads (cGy)

Acute radiation effects at this level are mild and
occur only during the first day after exposure. Blood cell
counts may drop slightly, but typical victims will surely

survive.

Doses of 100 to 200 Rads (cGy)

Between 20 and 70 percent of exposed persons develop
nausea and vomiting. About 30 to 60 percent complain of
fatigue and weakness. Significant destruction of bone marrow
stem cells may lead to a 25 to 35 percent drop in blood cell
production. As a result, mild bleeding, fever, and infection
may occur during the fourth and fifth postexposure weeks. Up
to 5 percent may die 5 to 6 weeks after exposure to 200 rads

(cGy) .

Doses of 200 to 350 Rads (cGy)

Commencing in this dose range, about 10 percent may
experience one or two episodes of moderate diarrhea 4 to 6
hours postexposure. Most victims tire easily and experience
mild to moderate weakness intermittently over the 6 weeks.

Under normal conditions, vomiting and diarrhea are not
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e enough to cause serious fluid loss and electrolyte im-

5ﬁ balance. In hot or humid conditions, however, combined fluid
iy

*? loss and electrolyte imbalance could become serious.

"y

%)

N Injury to the hemopoietic system is indicated by

W moderate bleeding, fever, infection, and ulceration 3 to §
l."!

D

g& weeks postexposure; more than 50 percent of those exposed

are affected. During the fourth and fifth weeks, moderate

Ry diarrhea may complicate their condition. Five to 50 percent
§§ of nontreated persons may die during the fifth week; death
35 comes earlier to those with preexisting infections, for

t9 example, of the upper respiratory tract.

%

f( Doses of 350 to 550 Rads (cGy)

1dh

me In this next higher dose range, symptoms are more

gﬁ severe affecting nearly all exposed persons. Severe and

E& prolonged vomiting can take a toll on electrolyte balance
ﬁ% which may be accelerated by perspiration through heat,

y\ humidity, or activity.

i-" Nearly all show moderate to severe fatigue and weakness
ﬁﬁ for many weeks. If untreated, 50 to 99 percent may die,

ﬁ§ primarily because of extensive injury to the hemopoietic

?§ system, manifested in overwhelming infections and bleeding
2 during the third to sixth weeks. Nausea, vomiting, and

anorexia may recur at that time. Diarrhea, electrolyte

imbalance, and headaches affect at least half. The condition

4 160
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of the lethally irradiated during their last days may be
complicated by dizziness, disorientation, fainting, prostra-

tion, and symptoms of infection and bleeding.

Doses of 550 to 750 Rads (cGy)

Virtually all exposed persons experience severe nausea
and vomiting the first postexposure day, moderating over the
next day or two. During that time they also experience
dizziness and disorientation.

With the near-maximum destruction of bone marrow stem
cells and absence of granulocytes, untreated persons lose
their defense against infection. By the end of the first
postexposure week, infection is rampant from endogenous
bacteria that have escaped from the injured gastrointestinal
tract.

The combination of hemopoietic damage and gastrointes-
tinal lesions reduces the survival of all untreated persons
to 2 to 3 weeks. During the entire time they suffer from
severe fatigue and weakness. Toward the end of the first
week, nausea, vomiting, and anorexia recur. Moderate to
severe diarrhea may begin as early as the fourth day. Severe
bleeding, headaches, hypotension, dehydration, electrolyte
imbalance, and fainting complicate the condition of all

prior to death.
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Doses of 750 to 1000 Rads (cGy)

R The survival time for untreated persons diminishes to 2
XX to 2 1/2 weeks. Symptoms resemble those experienced at the

C) preceding dose range, with the following notable dif-
@} ferences:

o) Severe nausea and vomiting may continue into the

“A third day before moderating.

%;; o During the first day, hypotension affects about 80
:;- percent; moderate fever, 30 to 45 percent.

ﬁg o Electrolyte imbalance is a persistent problem from
ZS?:':E‘ the sixth hour on.

&h‘ o All have moderate to severe headaches during the
}E‘:E;:i first day.

§§: le] Nearly three-quarters are prostrate before the end
hﬁ: of the first week.

i

{$$ Much of our description of symptoms at this dose range
gﬂ. derives from postexposure observations of patients treated
fﬁﬁ with total-body irradiation for leukemia. There are undeni-
§?$ able difficulties in extrapolating from sick people under
%fj close medical attention to otherwise healthy individuals.
?V“ Nevertheless, therapy patients constitute the only substan-
ﬁ ? tial number of irradiated persons whose reactions have been
Ry

B

il
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thoroughly documented, so their experience is relevant to

ey this inquiry.

.E:;"

b

) Doses of 1000 to 2000 Rads (cGy)

%gl Severe nausea and vomiting affect all within 30 minutes
é\ of exposure and continue intermittently, along with

f‘ anorexia, until death the second week. Severe headaches

iq begin after about 4 hours and continue for 2 to 3 days.

&' Symptom severity may diminish somewhat during days 3 to 5.
f: Gastrointestinal injury predominates, manifested 4 to 6 days
g; after exposure by the abrupt return of severe nausea, vomit-
%é ing, anorexia, and diarrhez, along with high fever, ab-

;&’ dominal distension, and undetectable peristalsis (ileus).

g} During the second week, severe dehydration, hemoconcentra-
Sﬁ tion, and circulatory collapse, compounded by septicemia,
,%? lead to coma and death.

§' Doses of 2000 to 3000 Rads (cGy)

‘% Symptoms are more severe versions of those described

_f for the preceding dose range. Gastrointestinal injury

; predominates, complicated by cardiovascular lesions.

& ‘ Prodromal effects, including severe headache and drowsiness,
%; appear almost immediately after exposure and may persist as
%g the gastrointestinal syndrome develops. Severe dehydration !
%g and electrolyte imbalance are manifested several hours after
o

s
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but in time the greater loss is from severe diar-

rhea. The increased permeability of capillaries in the

intestines and elsewhere in the body releases fluids into

the interstitial spaces.
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\
Symptoms for dose range 50 to 100 rads (cGy)
|

'0'. Postexposure Time

f’"@! Hours Days Weeks
i 1 2 3 4 5 6 7
12 16 20 24

% 1
A
[=]
&~
[ -]
-
N
L)
&~
wh
=)

Symptom

- e

-...
‘3
-4

—

By . |

4 Nausea P==5-30% milde=d

L Vomiting P 5= 207 emmeed

{retching) mild
)
”.:‘ Anorexia h 15~ Sozﬁ ------'

§ Diarrhea
; ‘ (cramps)

d,
AN Fatigue
: Weakness
HIOH

()
:::: Hypotension

s'\l Dizziness

3 3

R Disorientation

b

A

\) Bleedingb

y;:; Fever |—(c)—-{ |-—(c) D e |
:“:: Infection
)

.;~ Ulceration
)

"%

',:‘ Fluid loss/electro-

e lyte imbalance

o Headache

o
“:g Fainting

*.’: Prostration

|:l‘

b

) Death

% ]

v 'l'J'LLlllL'!lll"!' . . . |
s\‘: 3References for this group of symptoms: L, 7, 15, 22, 26-30, 33, 37, 42, 50, 62,
’: ; 66, 71, 72, 76, 78, 80, 85, 92, 96, 97, 105-107, L10, lll. These symptoms noc ob-
?Q“ served in American servicemen cxposed to approximately 73 rads (¢Gy) of tallout
;' radiation, according to Refs. 26-29,

" bReferences for this group of symptoms: |, 7, 14, 15, 26-30, 33, 50, 64, 72,
¢ 101, 105, 106, 108.

X CSlighc drop in lymphocyte, platclet, and pranulocyte counts: no overt svmptoms.
o
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\ Symptoms for dose range 100 to 200 rads (cGy)

vy
!
Postexposure Time
::':":: Hours Days Weeks
:;n h 1 2 3 4 5 6 7
l‘:.t:; Symptom 0 4 8 12 16 20 24 1 2 3 4 5 6
J : * 1 1l H
-‘!'\! ‘I_T L 1L LS l i T T ¥ | 1 1 I
)
K Nausea® e 30~ 707 1 1d cmommmearm}
1‘. ) to moderate
::‘0' Vomiting s 20-502Z M1 1 wmnd
.::. (retching) to moderate
:lé ‘ Anorexia } 50~90% {
i' Diarrhea
: (cramps)b
.0$f
' Fatigue® prne 10607 Mild cmp— e - —— ] - —— - -
[} to moderate
:' ) Weakness |——-30—6OZ mild——' —-—eman e o am wp Ml e an o o
sh' to moderate
' Hypotension
,:':; Dizziness
B0 ) )
~:‘.“:‘ Disorientation
LX)
Ay Bleedingd e () —q e L 0%eq
Y .
‘-" mild
. Fever 8D s T e |
:'o: 10-50%
ﬁ:&' Infection [T ¢*) ME————. mild to
;‘ ‘ Ulceration moderace
At
':'" Fluid loss/electro-
)" lyte imbalance
N; Headache
H e
1‘ Fainting
0
:o‘s )y Prostration
R}
,gl, Deachh <57 b
) lllllLlllll'l"'l"rllll
1\.: 3References for this group of symptoms: &4, 6, 7, 15, 17, 21, 22, 26-29, 33, 37,
q 42, 44, 45, 50, 51, 56, 62, 65, 66, 74, 76, 78-82, 85-87, 90-92, 95, 96, 104, 105,
.r " 107, 111.
o ]
¢. b'l.'eﬂ percent of the Marshallese victims exposed to L75 rads (¢Gy) experienced
- ] diarrhea during the first pustexposure dav, according to Ref. 4.
" cReferences for this group of symptoms: 7, 50, 60, 65, 81, 85, 86, 90, 101, 102.
"l' ; dReferences for this group of symptoms: 6, 7, 14, 18, 21, 25, 26-29, 33, 35, 60,
W
I d 62, 64, 65, 75, 76, 78, 79, 81, 82, 85, 89, 101, 104, 105, 107, 110.
dyat ®Slight to moderate drop in platelets: from 3 x 105/mm3 to 1.8-0.8 x 105/mm).
0’|'|. £
::I." Slight to mnderate drop in granulocytes: from 6 x 103/mm3 to 4.5-2.0 x 103/mm3.
. ' ssugh: to moderate drop in lymphocytes: from 3 x 103/mm3 to 2.0-1.0 x 103 /mm3.
-’l'.? hReferences for this event: 4, 14, 61, 81.
,:l D'
)
h:
" £y

ot 166

MDA 2 LOLOOGOOONOOOSBEDAMOAOAICNA] DA KR LA DML ORI TS TNC RN
2% 1% Y 17y 1y () . ¥ USROG e U LR NI ) L Fal
A}f‘,i?‘.n’*d.‘.‘?',|f‘:"‘ AT .‘:D!Q’ﬂlti[" N ’t.‘l‘ N .l“.‘!t:’\:g":a‘l’)‘.’JI’"“ ORDNANNS '0:.‘1:;'&3"9;:‘,1'53'9‘3:'.'7‘&? v?x"v‘«’

(]
N0, e U N




T UW Y EP

5 : .’! 3 "
el c'é "\.t" .1"‘0". m ’

n -' o .0,4 “""‘ "’i'. ha's 'a"s"" o 0 ‘l’. {k t'.

o3 3 +

167

o/ 0
() ‘l“.i | l“‘;t‘ l‘ 0 ‘é “..“Q. o.,! 2 i'qel". l'l ‘.

"
R
¥
®
9'5:;
_,i":.'
?
,0"::‘
'y
0
)
e, Symptoms for dose range 200 to 350 rads (cGy)
""i.
AR Postexposure Time
."‘.a
=.~.: . Hours Days Weeks
;:;'.' 1 2 3 4 5 6 7
00 Symptom 0 4 8 12 16 20 24 1 2 3 4 5 &
v ) [ritrrrrrrrro 1t 1Tt [ T T 1 I
e )
o )
: Nausea® e 70-90% MOJET AL € cmwemennd
Iyl Vomiting - 50-80%
z.{ (retching) moderate
‘ Anorexia e 90— 1 00 e 607t e
H
- Diarrhea 4 ~102 'YX S —
e
"::':: (cramps) "\ moderate Moderate— 60
"
0
::l".. Fatigueb poee 60-902 moderate et amen Mild esep wm = e Moderate = o
( .
':e:l: Weakness fmm 60~90Z moderatemmmemm] ase Mild o up an enen Moderate e«
i
Py Hypotension
;‘ . Dizziness
oy Disorientarion
!
a':'l‘ Bl c et dy=—t ——
.|' eeding (d) =~ 0-502
". moderate
ot Fever —(e) 45 —
- 10-80% )
‘ Infection I (f) - moderate
: ) Ulceration e 307, e o <o
R (2) moderate
T
',{'(.v\ Fluid loss/electro-
,‘-}“ lyte imbalance
Q Headache
i Fai
,. . ainting
) Prostration
) Deathh S5 = 50% e I
B ns
. l U (N S I (N S N T ' ] 1 L 1 l;( L L L. 1 I
" %References for this group of symptoms: &, 6, 7, 12, 15, 18, 21, 22, 32, 33, 35,
‘r‘n‘ 37, 41-44, 47, 50, S1, 53, 56, 60, 62, 65, 75, 76, 80-82, 85-88, 90, 92, 95-97,
X 105-111.
' 7$ bRefcrences for this group of symptoms: 1, 7, 14, 43, 65, 71, 76, 81, 101, 104,
(N 109, 110.
“References for this group of symptoms: 2, 6, 7, l4, 15, 33, 35, 39, 54, 56, 60,
;i:; 62, 64, 65, 71, 75, 76, 79, 81, 82, 85, 88, 95, 97, 101, 105, 106, 110.
:: dHoderate drop in platelets: from 3 x 103/mm3 o 0.8-0.1 x 105/mm3.
e
j::.' *Moderate drop in granulocytes: from 6 x 103/mm3 to 2.0-0.5 x 103/mm3.
gt
:Q"el fModerate to severe drop in lymphocytes: from 3 x 103/mm3 to 1.0-0.4 x 103/mm3.
t nguazton.
;5:,! hReferences for this event: 4, 7, 14, 61, 81.
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Symptoms for dose range 350 to 550 rads (cGy)
|

Postexposure Time

Hours Days Jeeks
1 2 3 4 5 & 7
Symptom 0 4 8 12 16 20 2 1 2 3 4 5 6
I LR L T ]
. l |
Nausea i—90;1002 odcrace 601002 f— -
severe moderate
Vomiting e 30~1002 TV I——
(retching) severe )
Anorexia e 1002 o | 007, @t e
Diarrhea sy a_. ~102 moderate pmem$0-100%
(cramps) to severe moderate
to severe
Fatigueb p— 30-1002 moderate L[O Severe e mcse—
t 1
Weakness pm——— 90-100Z moderate to severe
Hypoctension“
Dizziness Moderate(’”oz—-
Disorientation P60 emam -
Bleedingd (e 50~ 1007 e
moderate
to severe
Fever ‘
F(f) =) b i)~ 1007 emsmmm—t e
moderate
Infection (@)1 | evere
Ulceration b507 miid o e—ee
moderace
(h)
Fluid loss/electro- 304 mild e—— () -
lyte imbalancel to moderate 6]
Headache e 507 m i | d enmmm— 507 ot we
to moderate Moderate
Fainting P53 07 e e
Prostration P07 ey e
Deathk P 50997 awee
l W Y U W S N N N S S ) ' ] | I § ] l I . L - !
“References for this group of symproms: 1, 4. 6, 7, l4, 15, 21, 22, 32, 33, 37,
41, 42, 50, 51, 53, 56, 58, 62, 76, 77, 79-82, 85, 87, 89, 90, 95-97, 101, 105, 106,

110, 111.
bRcferences for cthis group of symptoms:

90, 101.
“References for this group of symptomg: 77, 89.
References for this group of symptoms: 1, 6, 7

§2. 64, 65, 67, 71, 75, 76, 177, 81, 85, 90, 95, 101
®Severe drop in platelets:
t'cherc drop in granulocytes:
8Seven drop in lymphocytes:
hEpuauon.

lRefe\'em:es for this group of symptoms: 7, l4,
JMlld intestinal damage.

kReferencu for this event: 4, 14, 61, 81.
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1, 6, 7, l&4, 47, 51, 53, 65, 78, 81, 85,

. 14, 15, 18, 31, 33, 133, 54, 58,

. 105-107,

71, 81, 89,

110,
from 3 x 10%/mmd to 0.1 x 10%-0/mm3.
from 6 x 103/mad to 0.5 x 103-0/mm3.
from 3 x 103/mm3 to 0.4~0.1 x 103/mul.

111,

101,
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,""“ Symptoms for dose range 550 to 750 rads (cGy)
' |
i
Ao
Pt N Postexposure Time
)
: .Qi:: Hours Days Weeks
:’ : 1 2 3 4 5 6 7
At Symptom 0 4 8 12 16 20 24 1 2 3 & 5 &
l) LANL I N L R A SR S ) BN —
" W b ,
} 'H' a 100%
¢ Nausea pummsevere 100 moderart e e = 4
l'. to severe moderace
p to severe
" o Vomicting =severe 100X moderate apmd LA 1002
"0 o (recching) to severe moderate
3-8 to severe
( Anorexia b 1002 —f 11007 cmmdeaed
o 1
P piarrhea [ 102 moderate e | 002 e « o]
. ./-" (cramps) to severe moderate to severe
.. - L
..'-_':- Fatigue® p—————— | 00 severe L doe o
) :‘.-: Weakness | e § (1) 4 sex’:erc domef
y . - Hypotension® [ ] 100Z severe
e A Dizziness e | )02 severe = [ 100X severe
¥ &::' Disoriencation pmen | 002 SEVET € wustnd | S —— 100X severe
0
.&':,‘ Bleedingd (e) b—trjonsi 100% severe
‘*..l‘l, Fever A £ ) et o ol 1002 severe
"‘.’ Infection $ (g}
! Ulceration Popemmdiee=i 1002 severe
O (h)
B i"\'
LY Fluid loss/electro- [ ang -t (i) pjeesi 207 moderace
"'.q lyte imbalancel moderate to severe
'l .(.5 Headache o 802 i Ip— - o] 100”% moderate
' moderate to severe
o Fainting Pepee—t - - 80% moderate
i to severe
b
'._:: Prostration
N
_-f}-_'{- Deachk —t 1002
B e . I R T S ! . L ;
."t; “References frr this group of symptoms: 1L, 4, 6, 7, 14, 15, 21, 22, 31, 32, 13,
® ) 41, 42, 44, 45, 47, SO, 51, 53, 57, 62, 65, 71, 76, 79-82, 85, 87, 90, 95-78, 101,
. 105, 106, 111.
%:; PReferences for this group of sympcoms: 1, 6, 7, l4, 31, 47, 51, 53, 78, 81, 8¢,
)] 90, 101.
SN
\}‘- “References for this group of symptoma: 6, 7, 14, 15, 32, 33, 50, 6L, 62, 635, o7,
o 71, 76, 85, %0. 95, 97, 101, 105, 106, LO8.
L 9References for this group of symptoms: 1, 6, 7, 12, 14, 15, 33, 35, 45, 58, 42,
s . 64, 63, 67, 71, 75, 76, 79, 81, 85, 87, 90, 101, 105, 106.
.
bl fl’hul.u count drops nearly to zero.
r:' Cranulocyte counz drops n2arly co zero.
4'.:. 'Ly-phocyte count drops nearly to zern.
R h
- Epilacion.

DR 1Rct.rcm:u for this gRroup of sympcoms: 1, 6, /, 12, 13, l&, 15, 33, 35, 62, 64,
o J 6S, 71, 75, 16, 79, 81, 85, 47, 90, 101, 105, 106.

jl'iotura te Lntestinal damage.

hRcfermc“ for this evenr: &, 14, 31, 61, 77, 81.
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Symptoms for dose range 750 to 1000 rads (cGy)

Poscexposure Time

Hours Days heeks
1 2 3 4 5 6 7
Symptom 0 4 8 12 16 20 24 1 2 & 5 &6
e P rrrrrr T T n v ) i
Nausea® bt | (0% SeVeTre emmmprmmmd .—J——quq 1007
moderate
to severe
Voaiting j— | 002 severe emmmmmies| | 1007
(retching) woderate
to severe
Anorexia e 1002 -y - LOO? amfeee|
Diarchea P 10Z severe I-—1001+—1~4
(cramps) severe
|
T
Faugueb pr—— 1002 severe S — e |
Weakness e | 02 severe ' nfosof
Hypotension® e ~30% 2 1 e [ 9 ] 100% severe
Dizziness b 1002 S€VET e cxmmfuammm] g e e} 1002 severe
Disorientatfon fumermm |00 SEVETE ammpmamm—d | 5 o B 1002 severe
Bleeding® (£) P—trpoes| 100Z severe
Fever Pme o~ 30-452 e [V s | 100Z severe
moderatce
Infection L (h) y
Ulceration e oo} 1002 severe
(1)
Fluid loss/electro- s 1002 — foesl 1007 severe
lyte imbalance) moderate (k)

s
Headache P { 002 MOd@ [ €€ fummmren fr——t ee o 100% sevece
to severe
Fainting ] {702 moderate
Prostracion L to severe
Deachl p———ei 1002

S W G T W S T T

) ‘ Il )i I i

" ]

llcfcnncu for this group of symptoms:
50, S1, 53, S7, 62, 65,

blehnncu for cthis group of syaptomez-

85, 1o1.

“References for this group of symptoas:
76, 79, 80, 82, 85, 87,

71, 76, 79-82, 85, 87,

89, 93, 101, 105, 106.

6, 7, 14, 1S, 21, 22, 13, il. 44, 47,
90, 93, 95, 96, 101, 1l06.

1, 6, 7, 14, 32, 47, 51, 53, 65, 67, 78,

6, 7, 14, 15, 33, 50, 61, 62, 65, 71,

dllood pressure drops 25 percent; temperature increases to 102°F, according to

Ref. 13.

.l.hnntcl for this group of symptoms:

61, 62, 6%, N, 72,

'Puul" count drops Lo zero.

'Cnnulocyt- count drops to zero.

hI.y-vl'mc:ytq count drops to zero.

tEp(lu:ltm.

95, 101, loe.

6, 7, 14, 15, 21, 30, 31, 33, 51, 53,
79~R2, 85, 87, 89, Y0, 93,

jlchnncu for this group of symptoms: 6, 7, 14, 15, J3, 50, 61, 62, 65, 71,

12, 16, 79-82, 85, 89,

101, 106.

Hlodnun to severe intestinal damage.

llchranc“ for this event: &, 14, 61, 77,

. .‘ .,‘.‘.’u‘ Il' l 5‘0.1‘4
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" Symptoms for dose range 1000 to 2000 rads (cGy)
)
"y
o5
'.!' Postexposure Time
o
":l Hours Days Weeks
A 1 2 3 4 5 6 7
' Svmpcom 0 4 8 12 16 20 24 1 2 ] 4 5
!“:v AR I I S R I R R A
: l |
D)
N Nauseua (o 1002 severe I b o I‘,‘y 100% severe
i vomiting psemaee | 002 Severe — e
N (retching) '
a
14 Anorexia 100% —f P 00 e
EY
X< Diarrhea ] 202 | end U |
. (cramps) severe severe
j .)': Fatigueb Jrmmme 00X severe | 4
b Weakness e | 002 severe l —f
' t
-l Hypotension® prrwmn | 00Z moderate 4
@ to severe l
w Dizziness e | 002 severe | 4
; * Disorientation P | 002 severe . "]
",‘\» 8leedingd (e)—f;—q 100 severe
% fever o 45-802 HE ) prmmecnnd 1002 severe
r" moderate to
- severe
" Infection —(g)—t
’:\‘ Ulceraction ]-—I—Q 100% severe
A'|:| Fluid loss/electro~ | jummem | 002 moderate -} ] 1002 severe
‘::l lyte imbalanceh to severe (i)
P Headache Jm———1 )02 severe 4 o , J 100 severe
<t Fainting l——-l—-t 802 severe
(]
‘s': P.ostration i 802 severe
:::' DeathJ .._(k)_qp—loo:lz—i
),
. l F U N N TR S W N S S| gl : M M 1 |l ' LA 1 . H I

3References for this group of symptoms: 6, 7, 14, 15, 21, 22, 31, 33, &7, 50,
62, 65, 67, 71, 76, 79-82, 85. 87, 90, 95, 101, 105, 106.

‘?' PReterences for this group of symptoms: 6, 7, l4, 47, 53, 65, 71, 78, 85, 90,

| 101.

:: “References for this group of symptoms: 6, 7, l4, 15, 33, 50, 61, 62, 65, 71,

o 76, 79-82, 85, 87, 89, 101, 105, 106.

e

é Reterences for this group of symptoms: 6, 7, 14, 15, 21, 22, 33, 47, 50, o2,
65, 67, 71, 76, 79-82, 85, 87, 90, 95, 101, 105, 106.

1] ®Platelet count drops to zero.

':: Cranulocyte count drops to zero.

;:.' ‘Ly-phocyte count drops to zero.

'.:0 hlllt'erehcel for this group of symptoms: 7, 14, 15, 33, 50, 61, 65, 68, 75, 76,

. 79-82, 85, 95, 101, 105, 106, 108.

p ichcu intestinal damapge.

,;1; “Refcuncu for this event: 4, 14, 61, 81, 98.

:.: chnal failure, according to Ref. 98.
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” Symptoms for dose range 2000 to 3000 rads (cGy)
W )
l': Postexposure [ime
)
:':‘ Hours Days Weeks
()
M 1 23 45 6 7
v Symptom 0 4 8 12 16 20 2 1 2 3 4 35 6
:::. 'S AL R I A A BN SRR .T.III . T X
L)
W
"::: Nauseaa P——| 007, SevVer e me——f
:l.g. Vomiting a————— | (0% S@VET e p——
,:!:. (retching)
( Anorextia L 100%Z 4
O Diarrhea pumi  ~30%Z severe pmmuemy  100%Z severe
'l (cramps)
U
o
". Fatigueb e | 007 severe pse————
;& Weakness —ce—— | (02 SeVere jmmmmmasm—
J
. Hypotensiont® Pe——— | 002 S@VE € p——
o Dizziness p——— 002 SV pmt—
;:‘ ;: Disorientation f——— | 00 SevVere fmee—
1%)
:. Bleedinzd
n
Wl Fever b 80-90% = ‘ He)
;’. moderate
L )
' Infection to severe I P=(f)~
Y Ulceration
)
) Fluid loss/electro- jummeme |00% severe ewm——ay
l:ﬁ lyte imbalance®
:: Headache e | 007 SeVeTe emtmm—
‘le!‘ Fainting e | 007, e
J severe
"" Prostration e 1007 ey
J\ severe
J‘:’, peachh o 1 007 cunef
)
: ‘ b S S W N W N N S | l L L L L 1 )l H . M !
Y “References for this group of sympeoms: 6, 7, 14, 15, 21, 22, 42. 44, 50, 62,
e 65, 71, 76, 79-82, 8S, 8/, 90, 95, 101, 106, 108.
1)
, bkefercnces for this group of symptoms: 6, 7, l4, 15, 21, 22, 50, 62, 65, 11,
".. 16, 79-82, 85, 87, 90, 94, 95, 101, 105, 106, 108.
:‘ X CReferences for this group of sympeoms: 14, 50, 61, 71, 76, 79, 80, 82, 85, 87,
'. 94, 95, 101, 105, 108.
l,n. YReferences for this group of symptoms: 7, l4, 50, 61, 71, 75, 76, 79-82, 85,
P 87, 94, 95, 101, 105, 106, 108.
& 'Cnnulocyte count drops to zero.
"y ‘Lyaphocyn count drops to zern,
D)
,' SReferences for this group of sympctoms: 14, 15, 33, 50, 61, 62, 71, 75, 76, 79,
") 8o, 82, 85, 87, 95, 101, 105, 108,
ﬁ hhfcrencel for this event: 4, l4, 61, 77, 81.
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A COMPARISON OF
EULERIAN AND LAGRANGIAN METHODS
FOR TRACER TRANSPORT IN A GCM

Bob Malone, Gary Glatzmaier,
and David Langley

Earth and Space Sciences Division
Los Alamos National Laboratory
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A Comparison of Eulerian and Lagrangian Methods
for Tracer Transport in a GCM

Robert C. Malone and Gary A. Glatzmaier
Los Alamos National Laboratory

Recent studies of "nuclear winter" with three-dimensional models have
highlighted the need for numerical algorithms for the interactive
transport of smoke that have high spatial resolution but do not suffer from
excessive numerical diffusion. Two issues of importance for nuclear
winter are (1) the recidence time of smoke in a high-altitude, stably
stratified layer heated by sunlight and (2) the degree of nonuniformity
("patchiness”) of areal coverage by smoke. Numerical diffusion, which
particularly afflicts coarse resolution Eulerian transport methods, may
lead to significant errors in simulation studies of these effects.

Although no observations exist to compare with nuclear winter
simulations in which the atmospheric circulation and structure are
modified by solar heating of smoke, analogues in the normal atmosphere do
exist that can be used as benchmarks for large-scale transport
simulations with a GCM. Two for which good data are available are (1) the
residence time in the stratosphere of radioactive particulates and gases
from high-yield atmospheric nuclear weapon tests and (2) the dispersal in
the troposphere of deuterated-methane tracer. Simulations of both
phenomena with Eulerian and Lagrangian transport models will be
presented and compared with observational data to illustrate the relative
merits of the methods.

Simulations of interactive smoke transport with solar heating of
smoke will also be presented using both methods.
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What's New in the Model

Absorption of infrared radiation by smoke

Stability-dependent vertical mixing in the planetary
boundary layer and free atmosphere

Subsurface storage and vertical diffusion of heat and
water in soil

Annual cycle of solar declination

Diurnal cycle of solar zenith angle

High-resolution, non-diffusive Lagrangian tracer

transport




e EULERIAN TRANSPORT MODEL

Dy « Calculates tracer concentration at discrete grid points
e - Has same resolution as underlying GCM

o - Limitation: number of grid points affordable in GCM

o LAGRANGIAN TRACER MODEL

i « Tracer is represented by a large number of discrete
® particles

° » Particle coordinates not restricted to GCM grid points

- Limitation: large number of particles needed to
adequately represent local concentrations on grid
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4 HEAVY METHANE EXPERIMENTS

- Three releases of 1 kg CD, in midtroposphere near 558,
o 165E (January, June, October 1984)

R  Precisely characterized source: time, place, altitude,
- amount. Inert tracer.

008 - Samples collected

0 - on airplane flights between Antarctic stations, and
s to/from New Zealand (1 hour averages)

- at surface stations (3 day averages)

R - for 60 days after release

o + Detection limit ~ 1017 g CD, / g air

N » Samples above limit found out to 20 days
e (longest data series for a tropospheric tracer?)

ol « Principal shortcoming: limited sampling precludes
o complete picture of large-scale distribution.
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STRATOSPHERIC RESIDENCE TIME

Some disagreement among observations, but recent

data indicates 1/e-times of 1 year in lower stratosphere

Observations show comparable residence times in
stratosphere for gases (HTO), radionuclides, and
volcanic sulfates

Radionuclide data suggests no removal for a long period
(3-6 months) following lower stratospheric injections

Eulerian transport model gives immediate fallout with
1/e-times in lower stratosphere of 2-3 months

Lagrangian transport model gives negligible removal for
2-3 months and slow removal thereafter (longer run with

annual cycle needed to determine residence time)
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Changes in Smoke Transport

L - Smoke lofting faster in new model than in old model

o - buoyancy greater in hot spots (stability-dependent
7 vertical mixing of heat less efficient than DCA)

- - more inhomogeneous smoke distribution

(Lagrangian model) drives smaller-scale circulatiocns

Pk
L )
alaaln KX

4 -

than does old (Eulerian) model

et
S WA

d P ik St S N
L B LAARAAHA .

- diurnal cycle: greater heating in daytime, followed by

dilution due to dispersion; then subsidence at night?

e  Less perturbation of tropical troposphere (less

% numerical diffusion horizontally and vertically)

s « Longer residence times (= 1 yr) than before (= 1/2 yr),

evolving plausibly with changing solar declination
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ﬁ—— - 1
Smoke Mass Fraction Remaining

180 Tg injections, NAS profile

' Lagrangian transport of smoke

B Annual cycle

3 Precipitation scavenging

2 Gravitational sedimentation (1 )

3 No coagulation

‘ No reactions with ozone

,;",g

g Smoke mass fraction after 20 days

o Injected in Lagrangian mode] = Eulerian model
late June 47% 42% I
B mid-April 42%

# mid-August 42%

#  mid-October 32%

late December 27% 25%

L]

<

4 Smoke mass fraction after 200 days

3 Inj i Lagrangian model

late June 31% (annual cycle to January)
136
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el Chemical Reaction of Smoke with Ozone

I (Conjectures about likely interactions with transport)

- If reaction time is short (< few days)

s - thermal perturbations by smoke reduced

Nl - smoke lofting and spreading reduced

- ozone depletion concentrated in northern
midlatitudes

2 - If reaction time is long (> 1 month)

- thermal perturbation and smoke distribution similar
to present model

g - ozone depletion will occur in both hemispheres
P - solar heating of smoke further reduces ozone

e through temperature-dependence of ozone
e reactions (Vupputuri)
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R Improvements in the

b Los Alamos Global Climate Model
i and their Effects on

B Nuclear Winter Simulations

rrt Gary Glatzmaier, Bob Malone,
e and David Langley

o Earth and Space Sciences Division
5 Los Alamos National Laboratory
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$’ IMPROVEMENTS IN THE LOS ALAMOS GLOBAL CLIMATE MODEL

f AND THEIR EFFECTS ON NUCLEAR WINTER SIMULATIONS

o

o Gary A. Glatzmaler and Robert C. Malone

:3;:' Los Alamos National Laboratory

J',.;-- We have improved the Los Alamos global climate model in several ways
5;:'»'.' in order to obtain more realistic nuclear winter simulations. Our new
;:E;, model has absorption of infrared radiation by smoke, stability-dependent
el vertical diffusion in the atmosphere, heat and moisture storage in the soil,
{ Lagrangian transport of smoke, and diurnal and annual cycles.

- The absorption of infrared radiation by smoke moderates surface
2 cooling by about 15-25%, in agreement with previous investigations.

s The fixed, linear, stability-independent vertical diffusion coefficients
: for momentum, heat, and water vapor and the infinitely efficient
N7, "dry-convective-adjustment® algorithm of the old model have been
2 replaced with' time-varying nonlinear vertical diffusion coefficients that
depend on the local atmospheric stability and wind shear. For the
! simulated normal atmosphere, this nonlinear diffusion is significant only
in the .lower one to two kilometers, the planetary boundary fayer, where
;l the atmosphere can become unstable to small-scale turbulence. However,
* for a simulated nuclear winter, solar-heating of lofted smoke produces a
o stable inversion in the troposphere which severely reduces the vertical
9 diffusion coefficients during the first week.

! For the calculation of surface temperatures, we replaced the diagnostic
\ "heat-balance" algorithm of the old model with prognostic equations
o describing heat storage and thermal diffusion in six soil layers down to
W five meters below the surface. In addition, the time-independent
. saturated soil moisture condition of the old model was replaced with
- prognostic equations describing surface and subsurface storage of
i} moisture.

o With the nonlinear, time and spacially dependent, vertical diffusion in
® the atmosphere and the heat storage in the soil, we are now able to run
'.\:f: with a diurnal cycle.

:.‘:: The Eulerian transport of smoke in our old model has been replaced by a
:::: Lagrangian transport scheme (described by R. Malone) which allows us to
make longer nuclear winter simulations with an annual cycle.

The influences of all these model improvements on surface cooling and
smoke lofting and residence time will be described.
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Improvements in the
Los Alamos Global Climate Model

» Subsurface storage and vertical diffusion of
moisture in a 2-level soil model (10cm, 50cm).

- Subsurface storage and vertical diffusion of
heat in a 6-level soil model (5cm - 5m).

« Stability-dependent vertical diffusion in the
20-level atmospheric model (30m - 30km).

- Absorption of infrared radiation by smoke.

- High-resolution, non-diffusive Lagrangian
transport of smoke.

- Annual cycle of solar declination.

- Diurnal cycle of solar zenith angle.




Stability-Dependent Vertical Mixing

Richardson number-dependent vertical diffusion
coefficient computed locally

Replaces "dry convective adjustment” and
neutral-stability linear vertical diffusion

in normal atmosphere, active only in PBL

During nuclear winter, active in PBL and in free
atmosphere above smoke clouds

Vertical mixing in PBL ceases over land during first
week of nuclear winter due to stable inversion.

Because new method mixes less efficiently than DCA,

hot spots in the atmosphere are more buoyant.
Smoke lofting is faster than in old model with DCA.
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Subsurface Heat and Water Storage and Diffusion

For temperature, 6 nonuniform levels to 5m

For water, 2-layer "bucket model"

-Replaces simple energy balance assumption (no soil

heat capacity) and fixed wetness

Thermal inertia needed for diurnal cycle

Upward diffusion supplies heat to surface when
radiation deficit occurs (polar night and nuclear winter)

When atmosphere is stable, upward diffusion of heat

approximately compensates for absence of erroneous
heat flux supplied in old model by "neutral-stability
linear vertical diffusion”.
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» Modification
of predicted surface cooling
u by model improvements

AT = change in surface air temperature
relative to an unperturbed July,

i averaged over the USA,

T averaged over days 5-15.

e AT(°C) &(AT)
) "Old Model" -15

+ heat and moisture
storage in soil -10 +5

o + stability-dependent
N vertical diffusion -11 -1

2 + absorption of IR
e by smoke -8 +3

e + Lagrangian transport
of smoke -8 0

) + diurnal cycle -8 0
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e Seaschal dependence |
i of predicted surface cooling {

2 A

e AT = change in surface air temperature
e relative to an unperturbed season,
averaged over the USA,

averaged over days 5-15.

Ll
h

‘l::. 5
xS

s

% AT(°C)
July -8

R October -6

R April -5

( January -4
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200 day evolution
of predicted surface cooling
(Jun 29 - Jan 15)

AT = change in surface air temperature
relative to an unperturbed season,
averaged over the USA,
averaged over a ten-day period.

1 = optical depth,
averaged over the USA,
averaged over the ten-day period.

Days AT(°C) 1
5-15 (Jul 4 - Jul 13) -8 2.0
30-40 (Jul 29 - Aug 8) -1 0.6

190-200 (Jan 5 - Jan 15) -4 0.4

209

T T N T TN o o B T e RN R M O N S KX U OATITA SN X AR X S MO
!. t‘!.t.!. !.:‘&.!. |‘£.k q'%’!’l‘:' I‘q'l‘q “‘,v'l’g"‘,“h.‘q‘#:’ Q‘. I'*‘, A‘b?ﬁ ,“‘ "»‘? ‘,‘Q"‘!‘,eiﬁ':“.!“t..‘.i‘,"b)‘"'ﬁ.?."iqﬂ}? ’r!"" Lt .:é‘?e t "}!;l' »‘Q.

. LACK
,l,‘ LANI )

N
he R




’::? A Theory of Radiative-Dynamical Instability*

:’:;"l STEVEN J. GHAN

g Lawrence Livermore National Laboratory
‘ff;',. Livermore, CA 94550

iy ABSTRACT

Numerical simulations of the global scale response to summertime injections of absorp-
A tive smoke into the atmosphere exhibit a self-lofting mechanism, in which radiative heating
"o and the dynamical circulation interact to loft the smoke to ever higher altitudes. After
el making several plausible approximations, I shall demonstrate that for small perturbations
S this mechanism is an unstable interaction.

T Linearized equations governing the conservation of vorticity, enthalpy, and aerosol
concentration are solved analytically under certain assumptions, producing an expression
e for the exponential growth rate of internal waves propagating in a stratified fluid with
a strong vertical gradient in the distribution of solar-absorbing aerosols. Comparison of
Yo the analytical growth rate with smoke lofting rates simulated by GCMs yields reasonable
agreement, thus providing theoretical support for the numerical results.

*This work was performed under the auspices of the U.S. Department of Energy by the
o Lawrence Livermore National Laboratory under Contract W-7405-Eng-48.
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General Procedure

"Express heating in terms of
absovber mixing ratio

‘*Lingarze egua-h'on: fr mass,
mMomenfum, heat, abserber

‘chucc sys‘fem to s:’nsfc PDE

(kx v/ -
*‘Assume solution frm C‘( xelysmz-at)

*Solve fdsul-h'ns alac braic
eﬁuojfon for @

* Solutions unstable hr Imlc) >0




Radiative Hea'h'ng

* Neglect scattering
* Grey approximation

Qeay= -3 = -uSAT

=S, a0 (%) T(%)
where ° /03

«©
T(e)= ¢xp(’;ﬂf°‘ﬁ‘b"")
B For smoll pertwrbathons

o Q= {s'“f'?f K20
“{o peo

Note: Q' independent of u Hr Tal

My ,
!

) Q
ot

0 Diurnd cbdc

s o™

DaG)

BN OO DANOO0N
NN RO R S



Quasi- 6 eostro Pho'c Flow

DrYy+a - f,w vorhcity
{DR * -N W+ AH heat

where

D'-.'.". ?E ¢ u.;; + %
Eliminate ¢
2
%D 2‘-5 +(DVYs R )(Nz\\'-,;%g“
Combine wi+h

Q= Sap,Ts
Dg=-3 w

T
Yc'c-lds
'F:D‘?k" N%DV“’A?&)(D'*)N e 0

where

o

o ,x’ ‘0 'a‘ ‘n" a'. & "'h ) ‘\‘ : Vi

nw K

Ayt




Assume constant N «

i Solution form

) (kxtdy+me - ¢
i w(x,y,t, ¢)=w, e J ‘

5 Ther D= -io+ugek+ 2!
,%; unstab le #‘OV Re CD) > 1'.'

i Substitute uvrto wave c’m-h'an

i = 'f.‘m‘D‘* NY( k:D-ﬂ&'d)(D- &)= o

b Qua dratic n D

o Two solutions:

+Rossby mode unstable for <o

- *Advective mode unstable
0 for &> 0
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Primitive E gua t+ions

By Y - o
Du-+fv = -

Dv+fu = —g:"

2
) 2" —Nw#‘_'sp-?H
Qs S,ap,T 9

Dg = -Hw

Reduce to single equation for v
(D"'"')D?“ivl* M'lDV'O,a g)(D' )V £ 0
Quartic in D

Four solutons:

° ROSSBJ ) bot,\ 3rgu|.+3 MOJ“
unstable for «< o

* Advective mode unstable
for X >0

Add tional modes with vs o
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Necessary Assumptions

W ° Hydrostatic
i« Small pertur bations
% * Basie state:

% * horizontally unrform
i * no vertical shear
o » constant N*?
e *constant &

i * No scattering

ke *No (nfrared effects
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;;:S Unstable Radiative-Dynamical Interactions
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. ; Steven J. Ghan

i

_:"o Lawrence Livermore National Laboratory
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o . .

::: An outstanding feature of the terrestrial and Martian atmospheres is their near-
:E‘:: transparency with respect to solar radiation. Although terrestrial water clouds scatter
' a significant fraction of the incoming solar radiation, and ozone absorbs much of the ul-
?é traviolet radiation, most absorption of visible radiation normally occurs at the surface. I
z'::é Radiative heating rates throughout most of the troposphere are dominated by infrared
w radiative cooling.

zg: In the Martian atmosphere this situation is ocassionally disrupted by global-scale dust
;E? storms, which increase the solar opacity of the atmosphere, leading to substantial tropo-
?'!: spheric warming. Although such global storms fortunately do not develop in the terrestrial ﬂ
i’:i. atmosphere, recent numerical simulations (Malone et al., 1986) involving the terrestrial at-
33: mospheric response to massive injections of absorptive smoke produced by hypothetical
' post-nuclear war fires have exhibited a similar phenomenon. Substantial lofting of the
4::,: smoke is found to occur in these simulations, suggesting that the feedback between short-
:;,3: wave radiative heating and the dynamical response to the heating can be important.
Although the interaction between the aerosol distribution, the shortwave radiative
E:E heating, and the dynamical circulation in Martian dust storms and in hypothetical terres-
Eg trial smoke storms is appreciated in the literature, the unstable nature of the interaction
A has not been rigorously demonstrated. Gierasch et al. (1973) discuss a radiative instability
::: mechanism involving clouds, but it is driven by longwave radiation. Gierasch and Goody
0
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e (1973) define a growth phase for Martian dust storms, but treat the dynamical circulation

;;3:- diagnostically rather than prognostically. Leovy et al. (1973) treat the dynamical circula-
”;EE tion prognostically, but simply prescribe the aerosol distribution. Aside from these early
:E;;?' analytical attempts to explain extraterrest~i2l cloud bands and Martian dust storms, most
::% subsequent work on the radiative-dynamical interaction has been numerical (Haberle et
ii', al., 1982; Haberle et al., 1985; Malone et al., 1986). Thus, a rigorous theoretical demon-
'§’ stration of the shortwave radiative-dynamical instability, and an analysis of the conditions
‘:;i,.: under which it is important, does not presently exist. Given the current interest in Martian
E.::::E dust storms, hypothetical terrestrial smoke storms, and radiative-dynamical interactions
3:::3 in general, such a theory is desirable. Here I shall summarize the progress I have made in
‘. developing just such a theory.

i::: The theory is based on a variety of simplifying approximations. Necessary assumptions
;::‘%‘ are that the atmosphere is hydrostatic, that perturbations to an assumed basic state are

small, that short-wave scattering and infrared emission by the absorber are unimportant,

o

£525

and that the basic state is horizontally uniform with no vertical variations in the basic

o

;s’t\ state flow, the Brunt-Vaisala frequency N, or in the radiative-dynamical feedback rate
14
)y
Q2 o= _RSwT 97

::::' " ¢pN2H 0z

! o

Q . . . .

‘:,4 where R is the gas constant, Sy is the solar constant, a is the absorption cross-section of the
oy absorber, T is the basic state short-wave transmissivity, ¢, is the specific heat at constant
L)

(W)

:’: pressure, H is the density scale height, z is altitude, and § is the basic state absorber mixing
\

thd N e . . .

::H ratio. Additional simplifying assumptions, which can be relaxed for a more general, but
.:' complicated analysis, are that solar absorption is “grey”, that damping of perturbations is
)
:E:A:‘E.: equally rapid for momentum, heat, and absorber mixing ratio, that density is constant (the
)
X ~) Boussinesq approximation), and that motions are quasi-geostrophic and localized enough
\ . to neglect the sphericity of the earth and latitudinal variations in the Coriolis parameter
;. -*'
o /
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i

::EE:‘ The general solution procedure is to first express the solar heating in terms of pertur-
el bations in the distribution of absorber q. The equations governing conservation of mass,
;:{:E?: momentum, heat and absorber mixing ratio are then linearized about the basic state. The
gs‘é‘: linear system of equations is then reduced to a single partial differentiai equation (PDE).
:f:‘;: By expressing solutions in terms of orthogonal basis functions with a time dependence
'.:; given by exp(-iot), the PDE reduces to an algebraic equation for . In the absence of
'EEE?: dissipation, solutions are unstable if Im(o) > 0.

,:.:!: In the absence of radiative-dynamical feedback (a=0), solutions correspond to the
i?'; Rossby mode, the advective mode, and (for the primitive equations) two inertia-gravity
;EE: modes. The Rossby and inertia-gravity modes propagate with respect to the basic state
: ’ flow, while the advective mode does not. All of these modes are neutrally stable.

i ,'g‘ In the presence of radiative-dynamical feedback, the advective mode becomes unstable
"_ . for positive a (ie., basic state absorber decreasing with altitude). For a given feedback
: rate, the growth rate of disturbances is found to be greatest for short, deep perturbations,
::E"i but never exceeds the feedback rate. For feedback rates less than the Coriolis parameter f,
g;si the quasi-geostrophic theory is accurate, while for feedback rates greater than the Rossby
_:Qf:: wave frequency the assumption of constant f is adequate. For feedback rates greater than
fi;:)i'i f but less than the Rossby wave frequency, the growth rate is proportional to the feedback
;,::" rate.

:::g‘ For negative a (absorber concentration decreasing with altitude), the advective mode
:::E: is damped, but the Rossby and inertia-gravity modes are unstable. However, the net
::E':* vertical transport of absorber mixing ratio for these circulation modes is downward rather
::% than upward, so they cannot be responsible for the smoke lofting.

:5 The feedback rate, because it characterizes the growth rate of perturbations, is the

most important parameter of the problem. If one assumes that the absorber mixing ratio
decreases exponentially with altitude, the feedback rate is found to be largest when the

,:::, absorption optical depth equals the cosine of the solar zenith angle. Above this level,
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the vertical gradient of absorber mixing ratio becomes small, while below this level, the

transmission of solar radiation becomes small. For typical terrestrial values for R, S, a,
¢ps NV, and H, the maximum feedback rate (ie., when the zenith angle is zero and the
absorption optical depth is unity) is found to be 3.4 x 107 s~! for an absorber scale
height of 10 km, and 1.7 x 1074 s~! for an absorber scale height of 1 km, corresponding
to time scales of 3.4 days and 1.6 hours, respectively. These feedback rates are consistent
with the time scales of smoke lofting exhibited in the GCM simulations of Malone et al.
(1986).
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CHRONIC EFFECTS OF LARGE ATMOSPEERIC SWOKE INJRCTIONS: INTER-

A ACTIONS VITH THE OCRAN MIXED LAYER, SEA ICE, AND GROUND

o HYDROLOGY

l'..‘

e Steven J. Ghan, Michael C. MacCracken, Joha J. Waltea (all at:

e Lawrence Livermore National Laboratory, L-262, P.0. Box 808,

') Liversore, CA 94850).

R0 A set of extended integrations is performed using & gesersl

;&. circulation model of the troposphere aad oceas mixed layer

i initialised with a large sumsertise injectios of abeorptive

},:", ssoke over North America and Burasia. The smoke is subject to

RXY coagulation and removal as well as advective and coavective

i transpore.

o Several aspects of the clisstic respoase support the cos-

il clusions of Robock using an esergy balance climate model. The

Wl ocean mixed layer in sorthers aidlatitudes cools 5-10 K rela-

K tive to the coatrol climate withis three scaths. Duriag the

o northers viater following the injectios, this cooling decree~

o ses as a result of the reductios ia suske sad the smller

KR vintertinme insolation. During the followiag sorthera sumser,

-:q, enhanced sea ice coverage insulates the ccesa sixed lager from

::o. the atmcephere, heace reduciag swmertiss warmiag at the

‘.o:: normal ice margia. Duriag the subsequest wiater, the cahasced

Oy sea ice coverage reduces the surface bheat capacity, heace
increasing wintertise cooliag of the oceas surface, but

S reducing the cooliag of the ocesn mixed lager.

A Other aspects of the respoase are quite differeat, however.

o Due to s smoke-isduced redectics ia lasd precipitatics, seb-

N stantial surface warming asad drying occurs ia the tropics

K, during the first socaths followiag the isjectica. Is additics,

e the oceas mixed layer deepens coasiderably s a result of

o entrsinseat induced by both greater surface cooliag and

) enhanced sechasical stirring.

!

’;2::31

o

i This vork was orsed uader the anspices of the U.8. of
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Fig. 4. Time evolution of the calibrated (a) net surface heat flux Q, and (b) surface wind stress ¢ at 50°N, 150°E used in
the control experiment (solid lines) and the nuclear winter experiment (dashed).

By examining Table 2 and Figures 2 and 3, it is possible to
determine for each geographical location whether the model-
simulated SST decrease during the nuclear winter experiment
was due to enhanced air-sea cooling or entrainment. For ex-
ample, at the first location (50°N, 150°W), the net heat flux
into the ocean was 55 W m ™2 less during the nuclear winter
experiment than during the control experiment (Table 2). If
the average MLD at this location during nuclear winter is
taken to be S0 m (Figure 3), this decrease in surface heat flux
cannot account for more than a 1°C difference in SST at the
end of the month. This implies that well over half of the 2.8°C
decrease in SST in the nuclear winter experiment (Figure 2)
was caused by entrainment. This interpretation is also consis-
tent with the much greater wind stress, an important factor in
producing entrainment, experienced during nuclear winter at
this location (Table 2). In the same way, we find that more
than half of the decrease in SST at the second geographical
location (50°N, 150°E) is due to a decrease in the net surface
heat flux, with the rest due to enhanced entraizment (see
Figure 5b, and additional discussion below). At the third lo-
cation (S0°N, S0°W), where there was little change in the wind
stress and MLD due to nuclear winter, all of the SST decrease
is attributed to the rather large decresse (126 W m~?) in the
net surface heat flux. The only other location where the SST
response was significant is the East China Sea point (30°N,
125°E), and there most of the SST decrease is accounted for
simply by the very large changs in the net surface heat flux
caused by the extrsordinary sensible and latent heat fluxes
noted above.

We now examine the response of the upper ocean to nuclear
winter in greater detail by describing the time evolution of the
vertical thermal structure and its relation to the atmospheric
forcing at one of the experimental ocean locations. The point
at 50°N, L50°E is chosen for this purpose because the atmo-
spheric forcing during the control and nuclear winter experi-
ments at this location is fairly representative of the other lo-
cations as well. This point, located approximately 500 km west
of the southern tip of the Kamchatks peninsuls in the sea of
Okhotsk, experiences a doubling of the average wind stress
and a 139 W m~2 decrease in the net surface heat flux due to
the smoke injection (Table 2).. The results for this point are
shown in Figures 4a: d 5.

Looking first at the atmospheric forcing (Figure 4), we sce
that the net heat flux is affected by the smoke as early as July
3, and that an exceptionaily strong wind event lasting several
days occurs shortly thereafter. For 16 consecutive days during
the nuclear winter experiment, from July 11 to 26, the solar
radiation is reduced essentially to zero by the thick smoke
cloud originating over nearby Siberia, and this produces a net
heat loss (Q, < 0) which lasts almost to the end of the month.
By the end of the month, the net heat flux has partially re-
turned to normal. Except for the enormous wind storm during
the first week, the wind stress is quite similar in the two exper-
iments. This characteristic of a strong wind event early in the
month, followed by severe reductions in solar radiation and
subsequent partial recovery, is typical of the atmospheric forc-
ing during nuclear winter at other locations as well.

The response of the upper ocean thermal structure (Figure
5) is easily understood in terms of the above forcing. During
the control experiment, the upper ocean responds to a cycie of
typical summer wind eveats on July 6, 13, 16, 21, and 25. The
ocean’s response to these wind events is seen in the deepening
and coalescense of the isotherms representing an enhanced
vertical temperature gradient at the base of the mixed layer
caused by the wind-generated downward mixing of warm sur-
face layer water. In between these characteristically gentle
wind events, the isotherms tend to spread out in the vertical as
the mixed layer shallows and warms owing to the net surface
heating. The evolution during the nuclear winter experiment is
very different. The wind storm on July S deepens and cools the
mixed layer, and the subsequent negative (upward) heat flux
and relatively normal winds produce a gradual cooling and
slow deepening of the mixed layer during the remainder of the
month. In spite of the drastic changes in the atmospheric forc-
ing during the nuclear winter experiment, the response of the
ocean is confined to the upper 60 m.

Discussion

In this study we have examined the short-term response of
the upper ocean to the simulated forcing of a hypothetical
atmospheric nuciear winter. The atmospheric forcing was
derived from fields produced by a two-level atmospheric gen-
eral circulation model in both a control and a nuclear winter
simulation. The ocean was represented by a one-dimensional
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Fig. 3. Temperature (in degroes Celsius) a3 & function of time (0-30 days) and depth (0200 m) at SO°N, 1SO°E in the (a)

mixed layer model applied at six different locations in the
North Atlantic and North Pacific oceans. Since there was no
negative feedback with regard to the heat exchange between
the ocean and atmosphere, the intensity of the modeled ocean
response may be regarded as an upper bound (i.c., the actual
be weaker). This is a useful thing to know,

response may
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coantrol and (b) auclear winter experiments.

particularly for estimating the size of the feedback from the
ocean and its potential effect on the atmosphere.

Our results indicate that at some of the locations. depend-
ing on the distance upwind from the point in question to the
nearest source of smoke, the upper ocean experiences a signifi-
cant cooling in response to a large scale nuclear exchange.
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Reprinted from Nature, Vol. 125, No. 6106, pp. 701-703, 19 February {987
o Macmullan Journals Lid., 1987

Protracted climatic effects of massive
smoke injection into the atmosphere
Curt Covey

Meteorology and Physical Oceanography Division,

Rosenstiel School of Marine and Atmospheric Science,
University of Miami, Miami, Florida 33149, USA

Climate perturbations caused by sudden injections of serosols into
the atmosphere have received increased atteation with the realira-
tioa that fires started by a muclear war might release sufficient
quantities of smoke to block sualight from the Earth’s surface
asd dramatically reduce temperatures over land'~’. Three-
dimensional atmospberic general circulation models which inciude
aerosol transport indicate that much of the smoke could survive
in the atmosphere for months or more*™®, implying significant
climatic effects on such timescales, but these modeis gemerally
assume fixed sea surface temperature and ses ice, and therefore
canaot properly simulate cooling for more thas a few weeks. This
report describes a gemeral circuiation model run in which the
foregoing assumptions are relaxed and the climate impact of
massive smoke loading is assessed for four months of simulated
time. Two competing long-term effects are apparent: positive feed-
back om surface cooling due to enbanced ses ice formation, and
surface warming st some latitudes due in part to heat

from the upper troposphere, where smoke aerosols absorb suslight.

It is instructive to compare results from the general circulation
model (GCM) to those obtained by Robock’ using a one-
dimensional (in latitude) enesgy baiance model (EBM) in multi-
year simulations of nuclear war climate effects. In the preseni
study, total column absorption optical depth of smoke r is
prescribed as a function of time to be twice the value normalfy
assumed by Robock except that we restrict 7 < 3, that is, under-
neath the smoke 7=3 for the first 30 days and thereafter
decreases with a half life of 30 days. This prescription ensures
that GCM results of interest are obviously significant compared
to model-generated variability (that is, weather fluctuations) and
also that during the first 20 days after aerosol injection the smoke
concentrations assumed for this study are identical to those used
in our earlier GCM experiments with prescribed sea surface
temperature (SST)*®. In all studies discussed here, including
Robock’s, smoke is assumed to exist in a uniform band of
latitudes between 30° and 70° N and is injected into the atmos-
phere at approximately the Northern Hemisphere spring
equinox. In the GCM runs smoke is assumed to be distributed
between 1 and 10 km altitude at constant mixing ratio.

The assumed initial condition =3 in the Northern Hemi-
sphere mid-latitudes is equivalent to 34x10'? g of amorphous
elemental carbon with absorption cross section 10 m?g™"' and
corresponds to ‘baseline’ estimates of nuclear war smoke pro-
duction published by the US National Academy of Sciences’
and the International Council of Scientific Unions®. However,
longer term optical depths, r=2.4 at 40 days and 0.5 at 110
days, greatly exceed values implied by GCMs which compute
smoke removal®*-*'°, and or course the assumption that smoke
is fixed in space is unrealistic. Thus, the present study is an
intercomparison of climate model responses to hypothetical
perturbations, with application to nuclear war climate effects;
it is not an attempt to directly simulate ‘nuclear winter’. The
use of extreme smoke amounts and the assumption that smoke
does not spread beyond the Northern Hemisphere mid-latitudes
mean that long-term temperature effects are probably overesti-
mated by the present study. Indeed, in reporting a long-term
‘nuclear winter’ simulation including smoke spreading by a
two-level GCM, Stenchikov'' does not elucidate the surface
temperature feedback processgs discussed below, perhaps
because these processes are less obvious with more realistic
(smaller) smoke concentrations.

The GCM used in this study is the NCAR (National Center
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Fig. 1 Zonally averaged land surface temperature difference in
°C between prescribed smoke experiments and controls. The upper
panel shows results obtained in the present study; the lower panel
is redrawn from ref. 7 and shows results from a one-dimensional
energy balance climate model. [n both cases solid line contours
are drawn at 10°C intervals, and shaded areas indicate tem-
peratures more than 10 °C cooler than control runs while hatched
areas indicate temperatures more than 10 °C warmer than control
runs. GCM results are shown for 130 days and the thin dashed
lines indicate the corresponding time period in Robock’s simula-
tion. Results from the GCM are not plotted at latitudes which are
more than 90% ocean.

for Atmospheric Research) Community Climate Model
(CCM)*?, Results presented here were obtained with a research
version of the CCM developed by Washington and Meehl'*'*
for studies of the CO, greenhouse effect. In this model SSTs
are computed assuming a static mixed layer of constant heat
capacity, and sea ice is computed with a simple thermodynamic
model. This GCM, hereafter referred to as the CCM/mixed
layer model, was modified as described by Covey et al*® to
include absorption of sunlight by smoke. Similar representations
of mixed layer heat capacity and ses ice are used in Robock’s
EBM. (The earlier studies of Covey et al®® made use of a version
of the CCM in which SST and sea ice are prescribed at seasonally
varying climatological values's; this model will be referred to
as the prescribed SST version.)

Figure 1 shows the smoke-induced land surface cooling (that
is, the temperature difference in °C between prescribed smoke
experiments and controls) averaged over longitude and plotted
as a function of latitude and time. The upper panel shows results
from the CCM/mixed layer model and the lower panel shows
results from Robock’s EBM (‘Run 4’ of ref. 7). During the first
half of the 120 day simufation with the CCM/mixed layer model,
land surface cooling underneath the assumed smoke cloud is
about twice that exhibited by Robock's model. Maximum cool-
ing in the GCM is 47 °C at day 37 and 60° N latitude (poleward
of the sea ice margin, slightly to the north of maximum cooling
in Robock’s model). During this time period smoke optical
depths assumed in both the CCM/mixed layer model and
Robock’s simulation are >1, so the discrepancy in the amount
of cn~'ing between the two models is difficult to explain by the

zdugugn‘ in smoke loading. The CCM/mixed layer model may
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Fig. 2 Soil moisture content averaged over longitude and over

days 110 to 120 after smoke injection (that is, the final 10 days of

the GCM simulation) for the smoke-perturbed case (solid line)

and the control case (dashed line). Results are not plotted at
latitudes which are more than 90% ocean.

exaggerate the amount of cooling because it overpredicts the
unperturbed amount of sea ice, possibly due to neglect of
poleward heat transport by the oceans'>'4; the maximum tem-
perature drop exhibited by the CCM/mixed layer model is
almost twice that of the prescribed SST version during the time
that smoke loadings in the two GCMs are identical. On the
other hand, Robock’s model may well underpredict the
maximum degree of land surface cooling because its limited
resolution— 10° latitude, no longitude resolutions within land
and ocean sectors, no height resolution—requires the cooling
to be spread out over a large volume of space. The latter
consideration may also explain in part the rapid cooling
exhibited by the CCM during the first few days after aerosol
injection®; the EBM, in contrast, takes several weeks to obtain
land surface cooling >10°C. Another factor contributing to
rapid initial cooling in the GCM is atmospheric dynamics, not
included in the EBM. An examination of the lower tropospheric
wind and temperature fields (not shown) indicates that ocean-to-
land temperature advection takes about two weeks to increase
to its maximum value as the circulation in the perturbed case
evolves to a more zonally symmetric state. Two weeks is approxi-
mately the thermal relaxation time of the lower troposphere,
that is, the quantity C,T3 'AP/(oT*) where C, is the heat
capacity of air at constant pressure, T is the air temperature, g
is the acceleration of gravity, AP is the pressure difference
between the surface and the 85 kPa pressure level, and o is the
Stefan-Boltzmann constant,

Unlike the situation early on, from about 100 to 120 days
after smoke injection the amount of cooling in the CCM/mixed
layer model is about as smalil or smaller than that in Robock’s
EBM, despite doubled smoke loading. Furthermore, throughout
the second half of the CCM simulation land surface tem-

Fig.3 Surface temperature
difference (prescribed
smoke case minus control

-Zonal average (°C)

peratures immediately south of the assumed smoke cloud are
significantly warmer than control values (see the hatched areas
in Fig. 1). The EBM's surface temperatures are everywhere
colder when smoke is injected into the model, for the following
reason. Since the EBM has no height resolution the method of
assuming smoke is to simply decrease the solar constant by the
amount corresponding to absorption by the appropriate optical
depth. This situation is quite different from that expected in the
real atmosphere, in which smoke warmed by absorption of
sunlight should overlie a cool surface (see Fig. 1a in ref. 8). It
is possible that in the CCM simulation some of the heat from
the upper troposphere is eventually transported (presumably
via infrared radiation'®) down to the surface, reversing long-term
surface cooling in those areas which are not covered by smoke.
This effect would no doubt be smaller in a more realistic treat-
ment of protracted nuclear war-generated smoke, which would
be more widespread, thinner, less black, and higher than the
idealized fixed smoke considered here; nevertheless it is possible
that the effect could moderate long-term surface cooling.

Partial support for the foregoing hypothesis comes from an
analysis of the GCM's land surface energy budget averaged over
the final 10 days of the model run. At 20° N latitude infrared
flux from the atmosphere to land surface is 92 W m~? greater in
the smoke-perturbed case than in the control case. A smaller
warming effect (28 W m™2) is produced by loss of upward latent
heat flux due to a drying out of soil moisture in the 15-30° N
latitude zone (Fig. 2). The latter type of warming mechanism
has been observed in a previous GCM simulation of nuclear
war-generated smoke effects'’. However, underneath the smoke
(47°N) the dominant change in surface energy balance is
between decreased absorption of solar radiation and decreased
upward infrared and sensible heat fluxes; within this latitude
band, the infrared flux received by the surface from the atmos-
phere is not significantly greater in the smoke-perturbed case
than in the control case.

The differences in soil moisture between the control and
perturbed cases (Fig. 2) are for the most part as expected from
previous experiments with the CCM’. In general, the CCM
responds to fixed upper tropospheric smoke loadings by decreas-
ing cloudiness where the smoke is heated by sunlight while
increasing cloudiness at .ower levels, resulting in only small
changes in precipitation underneath the smoke. (This result is
not consistent with results from the Oregan State University
two-layer model'” and may be due to the CCM's assumptions
of 100% relative humidity immediately above the surface
together with boundary layer condensation at only 80% relative
humidity.) Accordingly, soil moisture is greater underneath the
smoke in the perturbed case, where surface cooling inhibits
evaporation. As pointed out above, soil moisture essentially
disappears from latitudes 15-30° N, where surface warming from
enhanced downward infrared radiation increases evaporation
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during the first half of the smoke-perturbed model integration.
For latitudes 15-30° S, the expected location of the downward
branch of an enhanced cross-equatorial Hadley circulation in
the perturbed case (see Fig. 4b in ref. 8}, a decrease in precipita-
tion leads to the drying out of soil moisture apparent in Fig. 2.
Finally, soil moisture more than doubles in the perturbed case
in a narrow latitude band centered on 8° N due to a burst of
precipitation during the last 10 days of the model integration,
which occurs for unknown reasons.

The geographical distribution of surface cooling and sea ice
averaged over the final 10 days of the CCM/mixed layer model
simulation is depicted in Fig. 3. As expected from Robock’s
EBM results’ the extent of sea ice is significantly greater in the
smoke-perturbed case. The GCM obtains greatest cooling in the
western parts of the North American and Eurasian land masses,
downwind of the sea ice, in contrast to early times when
maximum cooling occurs in the eastern parts’. Cooling of
Europe due to enhanced North Atlantic sea ice has a palaeocli-
matic analogue: the Younger Dryas pericd, 10,000-11,000 years
ago, exhibited this phenomenon according to both observa-
tional'® and model'® studies.
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In summary, the three-dimensional GCM simulation, while
qualitatively confirming a positive feedback due to sea ice that
enhances long-term cooling due to nuclear war-generated
smoke, reveals additional effects that can moderate or perhaps
even reverse long-term cooling. The latter appear to dominate
by the end of the GCM run, when the extent of land area that
is cooled in excess of 10°C is much smaller than it is in the
analogous EBM experiment (‘Run 4" in Fig. 1 of ref. 7) despite
the fact that the GCM experiment assumed more smoke.
However, both classes of effects are probably exaggerated by
the assumption of very large quantities of smoke that is fixed
in space, and by other model simplifications such as lack of
ocean heat transport (leading to overprediction of sea ice). It
is therefore necessary to perform more realistic GCM experi-
ments, particularly including model-computed smoke transport
and removal, in order to quantitatively assess the relative import-
ance of the positive and negative feedbacks discussed here.
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CONCLUSIONS

1. Lonaa team feedbacks

a.. Sew ica feedbock enhonces Cool{rg*
b. LLppa, (;roposphmc. heat duminishes Coéh.r?
Both effects ora cagqerated by the idealiyed

assumptions dbout Smoke.

2. C,hcmge.s in knglow b«dgef

* ¢ Robac-k, 1934
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W

2:'. Effects of Vertical Injection Profile and Infrared Opacity

"', in GCM Simulations of Nuclear War Smoke

o

:!v Stephen H. Schneider

[}

;:' National Center for Atmospheric Resecrch

," P.O. Boz 3000, Boulder, Colorado 80307

15

Y

’..b A global general circulation model (GCM) that allows for the transport, removal
;;:! and radiative effects of smoke aerosols has been used to examine the effects of initial
smoke vertical injection profile and smoke thermal infrared opacity on the subsequent
ja evolution of land surface temperatures. Two vertical injection profiles are considered:
4 constant mass mixing ratio (CMR) from 0-7 km altitude, and constant density (CD)
3‘, concentration from 0-10 km altitude. Both profiles prescribe the same column loading. A
::. variety of simulations have been done with both profiles. In general, the CD cases produce
e midlatitude land temperature decreases roughly 3°C larger than the CMR cases in the first
a two weeks of the simulations. The CD cases also show a substantially slower overall rate
:;::: of smoke removal from the atmosphere as compared to removal rates in the CMR cases.
2:::, This has a much greater relative impact on subtropical acute temperature responses than
::E‘,: on mid to high latitude temperature declines. 1-D radiative/convective modeling and 3-D
‘) GCM modeling show the ameliorative effect of smoke infrared opacity generally becomes
e larger with increasing height of smoke injection for smoke injecticn cloud tops in the low
. to middle troposphere. Variation of smoke injection cloud tops in the middle to upper
'

, troposphere produces little variation in the surface temperature effect of smoke infrared
opacity. Increasing the solar “blackness” of smoke by increasing the fractional carbon
content while holding the total carbon mass fixed is shown to reduce the ameliorative
b effect of smoke infrared opacity.
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L)
Ko Analysis of Surface Temperature Variability and Extremes
v ) in GCM Simulations of Large Smoke Injections
N
1ot
o,
':E:: Starley L. Thompson
:’- National Center for Atmospheric Research
. P.O. Boz 8000, Boulder, Colorado 80307
s:‘:'
N
B
;‘.":" Simulations of massive nuclear war smoke injections performed with a global general
S circulation model (GCM) have been analyzed to determine some statistics of surface tem-
perature variability and extremes. In the context of environmental effects, such analyses
X may be more meaningful than the traditional reliance on temporal or spatial means because
o biological processes are particularly susceptible to environmental variability. Global maps
: : of coldest temperature reached at any time during an integration imply a more severe, but
R more realistic, picture of potential environmental effects than either daily “snapshots” or
- time averages. Probability distributions of temperatures for selected geographic regions
:’é:: highlight regional differences as well as providing probability estimates for temperatures
N below arbitrary threshold values. The enhanced information content in the probability
:E:: distributions, as compared to simple means, could make a substantial difference in envi-
ne ronmental inferences drawn from the data. For example, some regions whose time mean
’ temperatures are well above freezing nonetheless show a substantial probability of near or
™ sub-freezing events. While the particular analyses currently available cannot be considered
1 quantitatively reliable due to current model limitations, the analysis methodology appears
o promising and should be applied to future GCM simulations.
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Smoke IR Warming Effect (°C)
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Surface
-15.6
-18.7

Temperature Change (°C)

Model Intercomparison
Surface Air
-11.9
-13.7

NCAR
LLNL

Change in day 5-15 land surface and land surface air temperatures over the latitude band
30-70°N for two general circulation models having nearly equivalent smoke scenarios.

(LLNL results from S.J. Ghan, personal communication.)
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o LODI CANYON EXPERIMENT
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) Emission factor measurements for Lodi test fires

% using surface based emissions sampling equipment
1.8
i 3 by
o
X Darold E. Ward and Colin C. Hardy
W Fire and Air Resource Management Project

. USDA--Forest Service
4043 Roosevelt Way NE
Seattle, WA 98105

£ 2

ABSTRACT

A

Surface systems of towers and cables were used for supporting sample packages
over small fires of about 0.5 hectares in size preliminary to the large LODI

oa fire of December 1986. The purpose of the experiment was to measura emissions
w2 of particulate matter and gases and compare emission factors for these
o materials to the measurements acquired through using airborne sampling
-/, techniques. The subplots were located to represent a diversity of fuel
oo conditions of the larger LODI area: chamise, standing chaparral, and felled
,: chaparral. Burning of the test fires was accomplished by 1ighting the fire
;{} along the top of the subunit and allowing the fire to back downhill for
L f approximately 30 meters and then 1ighting the fire along the bottom of the plot
-4 to get maximum fire intensity as the fire headed uphill toward the location of
O the sampling equipment. Samples were collected for different periods of the
5 flaming and smoldering combustion processes to obtain samples representing as
| early as possible emissions produced by each of these processes. In addition,
3 real time measurements of temperature at the location of the sample packages
" and the verticle velocity were measured in real time. The concentration of CO
o and CO2 were measured in real time.
&
ud Results from these tests are compared with tests of emissions from logging
C) slash fires in the Pacific Northwest states of Oregon and Washington. Some of
,j« the results for the LODI subplot emissions study are summarized in the table
o below:
b i
X Emission Factors
X PM2.5 8.3 g/kg
[ co 61.5 g/kg
Y7 CH3C1 .036 g/kg
3¢
‘fﬁ Percent composition of PM2.5
gu$ aQ 3.630%
) Pb 0.339%
K 8.419%
b Organic carbon 51.4%
;{; Elemental carbon 8.9% maximum of 16.9%
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Absorption Measurements from Preliminary
Site Burns in Lodi Canyon

E. M. Patterson

Georgia Institute of Technology
Atlanta, Georgia

D. A. Ward

USDA Forest Service
Seattle, Washington

We have measured the absorption properties of smoke samples
collected during preliminary burns in the Lodi Canyon. These
absorption properties are expressed in terms of the specific
absorption of the material. These measurements show a range of
valuez of specific absorption.

We will present these data and will discuss these results in
terms of the range of variation of the data, the relation of the
absorption data to the elemental carbon concentrations, and the
comparison of these results with earlier, similar measurements.
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Vertical Plume Velocities in a Controlled Burn.

John Hallett
Desert Research Institute
Reno, Nevada 89506

Time lapse photography from a fixed point on the ground were made
for the smoke plumes rising from the Lodi Canyon controlled burn and a
controlled JP-4 burn in Sandia Albuquerque, New Mexico. The plume
ascent rate was measured at the visual periphery of a rising plume
top, and of individual elements following puffing oscillatory motion
from the source (l/2 - 1 Hz). In the case of the Lodi burn, the slant
angle was 3 km/15 km ~ 10°, in the oil fire ~ 15°, so error of order
Cos 15°, ~ 5% are inherent in these measurements, If we assume a

simple plume or thermal model, then the central velocities are

approximately twice the cap velocity,

55N
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Results

Lodi Canyon: A sequence of photographs shows a plume rising with top
velocity 3.0 m s-1 below the main inversion at ~ 7000 ft. As the
plume passes through the inversion level the rise velocity falls to
1 ms-1, Fig. 1 decelerates until the maximum rise is ~ plume width
(1 km) and then sinks back with a velocity of order of the rise velo-
city to a level somewhat above the visual (aerosol) inversion. The
smoke subsequently moves laterally and 1is on occasion diluted by
mixing in a Kelvin-Helmholtz instability wave system in the prevailing

shear.
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g‘l
i
. Sandia 0il: The plume rose to a height of ~ 1500 ft. above the fire
§
g; site, and was carried away in the shear towards the west. The cap in
Sy
gg velocity (Fig. 4) showed a maximum about halfway up the plume
i
R (~ 7 m s-1) being ~ 4 m s-1 near the base decelerating to 4 m s-1 near
o
S. 1000 ft. and falling to zero at 1500 ft. Lower level winds are a few
A"'
f; m s-! increasing to 10-12 m s-! above ~ 1000 ft. (Fig. 3).
&
14
i
1?. Visually, the strong turbulence visible in the plume above the
r' |
3& fire and in the cap as it rose into the environment died out quickly
by
ﬁ; as the plume bent over and was carried downstream in the higher velo-
,fQ city aloft. The "statistical" plume had a half angle expansion of
D
o 20 + 2° during its initial rise stage, and gave a smoke layer carried
e downstream, ~ 400 ft. deep with top at 1500 ft. Above the burn site,
o it was estimated that overall dilution was:
i
£
‘%3 vertical volume flux at 200 m = 20 x 20 x 5 m33 ~ 50
o horizontal volume flux at 500 m 100 x 100 x 10 m
Y
; The turned over cloud was everywhere optically thin as the sun's disc
could always be seen; it appeared white, indicating a large particle
®

. >
size for the soot, . um.
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e Paper Submitted for Presentation ot The "Global Effects Progrom”
Aady Technical Meeting Sente Barbara, 7 - @ April 1967

:‘- Anornolous Production of Sulfur and Nitrogen Species in the Lodi Fire

Wy Dean A. Hegg, Lawrence F. Radke, Peter V. Habbs and Charles A. Brock
Department of Atmospheric Sciences, University of wWashington

W Seattle WA, 98195

et and

e Phitip J. Riggan

a$c U. S. Forest Service, Riverside, CA 92507

ABSTRACT

A The Lodi burn near Los Angeles an 12 December 1986 preduced
unexpectedly large emissions of MO, SO,, and NOz~. NO, to CO, moler
;3:;;; ratins of 0.6 were observed, compared to the value of 2 X 10'3 adopted by
U

PR SCOPE and measured by us in prescribed burns of forest products in rural
0 areas of Washington State.

T It is postulsated that the high emissions of NQ,, 502 end NU3' in the

W Lodi burn were due to the resuspension of previously deposited air

X pollutants onto the vegetation. As such, the emissions measured in the
e Lodi burn may be more relevant to the burning of biomass near urban areas
[ that have been used in modeling the nuclear winter scenario.
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v ) PLUME CHARACTERIZATION STUDIES ON THE LODI CANYON
PN PRESCRIBED BURN™* - W, Einfeld, B. D. Zak, B. V. Mokler and
;f_s:. D. J. Morrison, Sandia National Laboratories **P0 ROX 5800,
;;::: Albuquerque, New Mexico, 87185

CA XY

0

4 The prescribed chaparral forest burn conducted at Lodi
A Canyon, CA in December, 1986 provided an opportunity for
1."‘"‘ several agencies to collaborate in a major plume
:: N characterization effort. The Sandia Twin Otter research
1o aircraft was used to make an extensive set of measurements
‘ on plume characteristics both at the head of the fire zone
. and 5 - 10 kilometers downwind. Instruments flown on the
R aircraft included a mobility analyzer with a measurement
Lx range of 0.01 - 0.8 um and optical particle counters with
iu measurement ranges of 0.1 - 16 ym. Plume aerosol samples
‘ﬁ’ were collected using a 1 cubic meter grab bag sampler and

i’u':k associated filter collection, gas sampling and pumping
system. Other instruments on the aircraft for this fire
included a NASA sun photometer and a Desert Research

LN
::::: Institute cloud condensation nuclei counter.
TO'.I
:,’
’:n::: Results to be reported will include particle size
;::'o‘ distributions, aerosol emission factors as determined by
’-') the carbon balance technique, and smoke optical properties.
PR N X
3
o
o
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*This work performed at Sandia National Laboratories, Albuquerque, New
Mexico, supported by the United States Department of Energy under Contract

-
e,
-

‘; - DE-AC04-76DP00789

‘l."l

“::::: #%A United States Department of Energy Facility
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b SANDIA TWIN OTTER AIRCRAFT - LOD! FIRE SAMPLING CONFIGURATION

7 Particle Size/Count

:ﬁ: PMS ASASP-100-X.......... 0.1-3uM
W PMS FSSP-100-X............. 0.5 -16 uM
ey TSI DMPS.......ccovtmeniinns 0.01 - 0.8 uM
R TSI Condensation Nuclei Counter

Fos DRI Cloud Condensation Nuclei Counter

) DRI Formvar replicator

: Aerosol Chemisty - 1 cubic meter grab sampling system

1o Aerosol mass, aerosol carbon, gaseous carbon
)

0 Optical Measurements
e MRI NEPHELOMETERS (bag and probe)
s NASA SUN TRACKING PHOTOMETER

Uy! 342
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LODI FIRE 12 Dec 1986
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ANALYTICAL METHODS

Aerosol carbon - Sunset Labs

furnace combustion / reduction / FID detection

Gaseous carbon - Sandia Labs

2 liter grab sample / GC analysis / sonic detector

Aerosol elemental composition - Lawrence Berkely Lab

X-ray fluorescence on teflon filters
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SHOKE MPTICAL PROPERTIES

sp scattering coeff
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N LODI FIRE - MEASUREMENT SUMMARY
Emission factor 0.012 / 0.005
EC/MASS ratio 0.089 / 0.032

Sp Mass Scatt Coeff 3.6 /1.1
(m2/g)

P Y R S S -
Ll LSO PSS 55N il

Single scatt albedo  0.79 / 0.04
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Measurements of Cloud Active Aerosol in Large Scale Fires.
James G. Hudson
Desert Research Institute
Reno, Nevada 89506

CN and CCN concentration vs. time plots are shown in the following
10 figures. These measurements were made in the Lodi Canyon brush
fire of 12 December 1986, and the Sandia 0Qil fire of 13 March 1987.

It is noted that the changes in the CCN concentrations lag the
similar changes in the CN concentrations by nearly a minute. This is
approximately the time required for the sample to pass through the
cloud chamber where droplet growth occurs before entry to the optical
counter where recording takes place. When this explanation is taken
into account it is apparent that the two instruments are observing the
same features of the plumes. Greater resolution is observed with the
CN counter simply because the data is recorded at 1 second intervals
instead of 8 second intervals. Nevertheless, the time widths of the
plumes as observed by the two instruments are similar., They are
generally within the difference in time resolution (7 seconds).
Therefore the CCN instrument does not appear to be smearing the con-
centration in time. The particles are being recorded with the same
time separation which they had in the sample tube when they went into
the instrument. Hence, the CCN spectrometer is capable of better time
resolution if the software can be changed to allow shorter recording
intervals, This is now currently under development. This would be
quite valuable because this is the only instrument with multiple chan-

nel data which can be resolved on such a time scale,.
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Figures 1-7 for the Lodi brush fire show rather high CN and CCN
concentrations. The most surprising aspect of these measurements is
the very high ratio of CCN to CN. The majority of the plume penetra-
tions show a ratio of nearly one. That is nearly all of the particles
appear to be CCN active at 1% supersaturation, This ratio is quite
variable as some of the penetrations display a much lower ratio.
Differences among the plume penetrations will be examined to see if
there is a reason for these variations in the CCN/CN ratio. Neverthe-
less, it appears that the smoke from brushfires is perhaps more hygro-
scopic than previously thought.

The CCN concentrations which are presented here are unprecedented.
These are by far the highest CCN concentrations ever measured. CCN
instruments are usually limited to a few thousand per cubic centimeter
because of depletion of water vapor in the cloud chamber. The main
reason this chamber can measure such high concentrations is that it is
possible to reduce the sample flow rate to very low values
(<5 cm3/min.) and still measure and record this rate. Apparently,
this technique works correctly because the CN measurements indicate
that the CCN concentrations could not possibly be any higher.
Therefore, vapor depletion and other problems associated with high
count rates seem to have been overcome. There are a number of errors
such as these which could reduce the measured CCN concentrations but
the only known error which would raise the measured concentration is a

leak,

357

L

B T R s T e T T L AR T A L S M
Sehty ) ‘ o M R DO SR DL DL D DO LX)
h SRR NG "s‘..:'-‘!h‘.h".h‘!'u ATttt deatytin il o‘l’!‘t'.‘l?q'!fa‘ﬂc'l’i‘.!t'ﬂfe‘t's?l.t’l’§!0,l!':0"gﬁ,‘:'!‘

200
QNN
;"'ﬂf‘a'




U
‘.f‘

[y /'
e

S P e aks

(};:‘

= A

e x®
T

e o

P

&

b

s

-

L,

2w @

- - .

B
-
-

B

-

The last possibility was checked during one of the plume penetra-

tions. The fifth penetration of Figure 1 and the first penetration of
Figure 4 display a zero CCN concentration. This is as it should be
because a filter was placed on the CCN sample inlet during this pene-
tration. Therefore, no particles were getting into the instrument
except those which were measured to enter through the sample tube.

The last penetrations of Figures 5 and 7 seem to display CCN con-
centrations higher than the CN concentrations. However, the CCN
sample flow rates in these cases slipped to such Tlow values
(<1 cm3/min.) that they were probably not accurate.

Figures 8-10 show CN and CCN data from the oil pool fire., The
most obvious difference from the brush fires is the much lower par-
ticle concentrations, The next important contrast with tne brush
fires is the fact that the CCN concentrations in the oil fire show
very small increases over the background concentrations., The ratio of
CCN to CN is much smaller for the oil fire., There the oil smoke is
much less hygroscopic than the brushfire smoke. Those results are

consistent with laboratory work presented in another paper in these

proceedings.
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zLﬂ, OPTICAL DEPTH MEASUREMENTS OF FOREST FIRE SMOKES: TWQO CASE
.“) STUDIES.

R.F.Pueschel, P.B.Russell, T.P.Ackerman, D.A.Allen and
o D.S.Colburn. NASA Ames Research Center, Moffett Field, CA
Rk 9403S.

B.D.Zak and W.Einfeld. SANDIA National Laboratories,
o Albuquerque, NM 8718S.

N
o
Lfe Since installing the Ames Tracking Airborne Sunphotometer on
VO the Sandia Laboratories’ Twin Otter research aircraft, ve
‘.‘ had opportunities to measure optical depths betveen 380 and
152 1020 nm in smokes from a fire of opportunity near Fresno, CA
K- on 11 Sep 1986, and from the Lodi Canyon controlled burn on
: e 12 December 1986.

e
94{ The optical depths of both smokes are similar in magnitude

and wvavelength dependence. At short vavelengths, the optical
depths of the smokes are increased by up to one order of
magnitude over those of background air. The increase at 1020
nm vavelengths is up to 2 orders of magnitude for the Lodi
Canyon fire, but less than one order in the smoke of the
Fresno fire over the respective background optical depths.

L

-,y e

k )
o Pl

. .

The optical depth in background air in the vicinity of
Los Angeles differs markedly from that of the Central

%

J'qg

4
giﬁﬁ Valley. A strong vavelength dependence suggests the
i‘hﬁ prevalence in the Los Angeles atmosphere of very amall
‘Y particles and fever large aerocsols than are found in central
California.
Wl Aging of the Lodi Canyon controlled burn smoke indicates a
pﬂg.
.uh decrease of optical depths due to dilution, and a wvavelength
ﬁv dependence that suggests an alteration of the smoke particle
.|...
ﬂaﬁ~ size distribution; the aged smoke aerosol containg fever
et small particles and has a larger modal particle size than
® does the fresh smoke.
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ATMOSPHERIC AND ENVIRONMENTAL RES
ATTN: N SZE

AUDIO INTELLIGENCE DEVICES INC
ATTN: H BAUM

AVCO CORPORATION
ATTN: G GRANT

BALL AEROSPACE SYSTEMS DIVISION
ATTN: B CUMMINGS
ATTN: C BRADFORD

BDM CORP
ATTN: J LEECH
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BERKELtY RSCH ASSOCIATES, INC
ATTN: S BRECHT

BOEING TECH & MANAGEMENT SVCS, INC
ATTN: GHALL

C. L. CONSULTING SERVICES
ATTN: F FEER

CALIF RESEARCH & TECHNOLOGY, INC
ATTN: M ROSENBLATT
ATTN: RGAJ
ATTN: S KRUEGER

CALSPAN CORP
ATTN: R MAMBRETTI
ATTN: R MISSERT

CARNEGIE CORPORATION OF NEW YORK
ATTN: D ARSENIAN

CHARLES STARK DRAPER LAB, INC
ATTN: A TETEWSKI

COLORADO STATE UNIVERSITY
ATTN: D KRUEGER
ATTN: W COTTON

COMPUTER SCIENCES CORP
ATTN: G CABLE

DARTSIDE CONSULTING
ATTN: A FORESTER

DELTA RESEARCH, INC
ATTN: L WEINER
ATTN: M RADKE

DYNAMICS TECHNOLOGY, INC
ATTii: D HOVE

ENW INTERNATIONAL, LTD
ATTN: J CANE

EOS TECHNOLOGIES, INC
ATTN: B GABBARD
ATTN: N JENSEN
ATTN: W LELEVIER

FACTORY MUTUAL RESEARCH CORP
ATTN: M A DELICHATSIOS

FEDERATION OF AMERICAN SCIENTISTS
ATTN: J STONE

GENERAL ELECTRIC CO
ATTN: R E SCHMIDT

GENERAL RESEARCH CORP
ATTN: B BENNETT
ATTN: JBALTES

HORIZONS TECHNOLOGY INC
ATTN: J AMBROSE
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DASIAC-TN-87-35-V2 (DL CONTINUED)

HORIZONS TECHNOLOGY, INC
ATTN: RW LOWEN
ATTN: W T KREISS

HUGHES AIRCRAFT CO
ATTN: EDIVITA

INFORMATION SCIENCE, INC
ATTN: W DUDZIAK

INSTITUTE FOR DEFENSE ANALYSES
ATTN: £ BAUER
ATTN: FALBINI

JOHNS HOPKINS UNIVERSITY
ATTN: M LENEVSKY
ATTN: R FRISTROM
ATTN: W BERL

KAMAN SCIENCES CORP
ATTN: J RUSH
ATTN: J SCRUGGS

KAMAN SCIENCES CORP
ATTN: P GRIFFIN
ATTN: PTRACY

KAMAN SCIENCES CORPORATION
ATTN: D ADERSON
ATTN: DASIAC

KAMAN TEMPO
ATTN: B GAMBILL
ATTN: D FOXWELL
ATTN: DASIAC
ATTN: E MARTIN
ATTN: R RUTHERFORD
ATTN: R YOUNG
ATTN: SFIFER
ATTN: W KNAPP

LOCKHEED MISSILES & SPACE CO, INC
ATTN: J HENLEY
ATTN: J PEREZ

LOCKHEED MISSILES & SPACE CO, INC
ATTN: P DOLAN
ATTN: W MORAN

M ITLINCOLN LAB
ATTN: S WEINER

MARTIN MARIETTA DENVER AEROSPACE

ATTN: D HAMPTON

MCDONNELL DOUGLAS CORP
ATTN: T CRANOR
ATTN: T TRANER

MCDONNELL DOUGLAS CORP
ATTN: A MONA
ATTN: F SAGE
ATTN: G BATUREVICH
ATTN: J GROSSMAN
ATTN: R HALPRIN
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ATTN: S JAEGER
ATTN: W YUCKER

MERIDIAN CORP
ATTN: EDANIELS
ATTN: F BAITMAN

MIDWEST RESEARCH INSTITUTE
ATTN: J S KINSEY

MISSION RESEARCH CORP
ATTN: R ARMSTRONG

MISSION RESEARCH CORP
ATTN: C LAUER
ATTN: C LONGMIRE
ATTN: D SOWLE
ATTN: G MCCRATOR
ATTN: R BIGONI
ATTN: TOLD

MITRE CORPORATION
ATTN: J SAWYER

MRJ INC
ATTN: D FREIWALD

NATIONAL ADVISORY COMMITTEE
ATTN: J ALMAZAN
ATTN: J BISHOP

NATIONAL INST. FOR PUBLIC POLICY
ATTN: K PAYNE

NICHOLS RESEARCH CORP, INC
ATTN: H SMITH
ATTN: J SMITH
ATTN: M FRASER
ATTN: R BYRN

NORTHROP SERVICES INC
ATTN: T OVERTON

ORLANDO TECHNOLOGY INC
ATTN: R SZCZEPANSKI

PACIFIC-SIERRA RESEARCH CORP
ATTN: G ANNO
ATTN: H BRODE
ATTN: M DORE
ATTN: R SMALL

PHOTOMETRICS, INC
ATTN: | L KOFSKY

PHOTON RESEARCH ASSOCIATES
ATTN: J MYER

PHYSICAL RESEARCH INC
ATTN: HFITZ

PHYSICAL RESEARCH INC
ATTN: D MATUSKA

PHYSICAL RESEARCH INC
ATTN: J WANG
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PHYSICAL RESEARCH, INC
ATTN: D WESTPHAL
ATTN:. D WHITENER
ATTN: H WHEELER
ATTN: R BUFfF
ATTN: R DELIBERIS
ATTN: T STEPHENS
ATTN: W C BLACKWELL

PHYSICAL RESEARCH, INC
ATTN: G HARNEY
ATTN: J DEVORE
ATTN: J THOMPSON
ATTN: R STOECKLY
ATTN: W SCHLUETER

PHYSICAL RESEARCH, INC
ATTN: H SUGIUCHI

POLYTECHNIC OF NEW YORK
ATTN: B Jj BULKIN
ATTN: G TESORO

PRINCETON UNIVERSITY
ATTN: J MAHLMAN

QUADRI CORP
ATTN: H BURNSWORTH

R & D ASSOCIATES
ATTN: A KUHL
ATTN: F GILMORE
ATTN: G JONES
ATTN: J SANBORN
ATTN: RTURCO

R & D ASSOCIATES
ATTN: B YOOI
ATTN: C KNOWLES

R J EDWARDS INC
ATTN: RSEITZ

RADIATION RESEARCH ASSOQCIATES, INC

ATTN: B CAMPBELL
ATTN: M WELLS

RAND CORP
ATTN: P ROMERO

ROCKWELL INTERNATIONAL CORP
ATTN. J KELLEY

S-CUBED
ATTN: B FREEMAN
ATTN: K D PYATT, JR
ATTN: R LAFRENZ

SCIENCE APPLICATIONS INC
ATTN: R EDELMAN

SCIENCE APPLICATIONS INTL CORP
ATTN: CHILL

SCIENCE APPLICATIONS INTL CORP
ATTN: B MORTON

DASIAC-TN-87-35-V2 (DL CONTINUED)

ATTN: B SCOTT
ATTN: D SACHS
ATTN: G T PHILLIPS
ATTN: J BENGSTOM
ATTN: D HAMLIN

SCIENCE APPLICATIONS INTL CORP

ATTN: D BACON

ATTN: DR L GOURE

ATTN: F GIESSLER

ATTN: J COCKAYNE

ATTN: J GAHAN

ATTN: J SHANNON

ATTN: J STUART

ATTN: M SHARFF

ATTN: W LAYSON

SCIENCE APPLICATIONS INTL CORP
ATTN: J SONTOWSKI

SCIENCE APPLICATIONS INTL CORP
ATTN: T HARRIS

SCIENTIFIC RESEARCH ASSOC, INC
ATTN: B WEINBERG

SRI INTERNATIONAL
ATTN: C WITHAM
ATTN: D GOLDEN
ATTN: D MACDONALD
ATTN: D ROBERTS
ATTN: EUTHE
ATTN: G ABRAHAMSON
ATTN: J BACKOVSKY
ATTN: W CHESNUT

STAN MARTIN AND ASSOCIATES
ATTN: S B MARTIN

STANTON CONSULTING
ATTN: M STANTON

SWETL, INC
ATTN: TY PALMER

SYSTEM PLANNING CORP
ATTN: B GARRETT
ATTN: C FELDBAUM
ATTN: J SCOURAS
ATTN: M BIENVENU
ATTN: R SCHEERBAUM

SYSTEMS AND APPLIED SCIENCES CORP

ATTN: M KAPLAN

TELEDYNE BROWN ENGINEERING
ATTN: AORTELL
ATTN: F LEOPARD
ATTN: J FORD

TELEDYNE BROWN ENGINEERING
ATTN: D GUICE

TEXAS ENGR EXPERIMENT STATION
ATTN: W H MARLOW
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DASIAC-TN-§7-35-V2 (DL CONTINUED)

TOYON RESEARCH CORP
ATTN: C TRUAX
ATTN: J GARBARINO
ATTN: JISE

TRW INC
ATTN: H BURNSWORTH
ATTN: J BELING

TRW INC
ATTN: F FENDELL
ATTN: G KIRCHNER
ATTN: H CROWDER
ATTN: J FEDELE
ATTN: M BRONSTEIN
ATTN: R BACHARACH
ATTN: SFINK
ATTN: TNGUYEN

TRW SPACE & DEFENSE, DEFENSE SYSTEMS
ATTN: M HAAS

VISIDYNE, INC
ATTN: HSMITH
ATTN: J CARPENTER

WASHINGTON, UNIVERSITY OF
ATTN: J | KATZ

FOREIGN

AERE ENVIRONMENTAL AND MEDICAL SC
ATTN: S PENKETT

ATOMIC WEAPONS RSCH ESTABLISHMENT
ATTN: PF A RICHARDS

ATOMIC WEAPONS RSCH ESTABLISHMENT
ATTN: DL JONES
ATTN: D M MOODY

AUSTRALIA EMBASSY
ATTN: ATEBBS
ATTN: AIR VICE MARSHAL B GRATION
ATTN: DR A J BEDFORD

BRITISH DEFENCE STAFF
ATTN: J EDMONDS

CANADIAN FORESTRY SERVICE
ATTN: B STOCKS
ATTN: T LYNHAM

CSIRO
ATTN: | GALBALLY

CSIRO: ATMOSPHERIC RESEARCH
ATTN: A PITTOCK

EMBASSY OF BELGIUM
ATTN: L ARNCULD

ISRAEL EMBASSY
ATTN: N BELKIND
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MAX-PLANCK INSTITUTE FOR CHEMISTRY

ATTN: PJCRUTZEN

MINISTRY OF DEFENCE
ATTN: RRIDLEY

NATIONAL DEFENCE HEADQUARTERS
ATTN: H A ROBITALLE

TRINITY COLLEGE
ATTN: F HARE

DIRECTORY OF OTHER

ATMOS. SCIENCES
ATTN: G SISCOE

BUCKNELL UNIVERSITY
ATTN: O ANDERSON

CALIFORNIA, UNIVERSITY
ATTN: R WILLIAMSON

CALIFORNIA, UNIVERSITY OF
ATTN: L BADASH

COLORADO, UNIVERSITY LIBRARIES
ATTN: J BIRKS
ATTN: R SCHNELL

DREXEL UNUVERSITY
ATTN: J FRIEND

GEORGE MASON UNIVERSITY
ATTN: PROF S SINGER
ATTN: R EHRLICH

GEORGE WASHINGTON UNIVERSITY
ATTN: R GOULARD

GEORGIA INST OF TECH
ATTN: E PATTERSON

HARVARD COLLEGE LIBRARY
ATTN: W PRESS

HARVARD UNIVERSITY
ATTN: G CARRIER

HARVARD UNIVERSITY
ATTN: D EARDLEY

IOWA, UNIVERSITY OF
ATTN: S PYNE

MARYLAND UNIVERSITY OF
ATTN: A ROBOCK
ATTN: A VOGELMANN
ATTN: RELLINGSON

MIAMI LIBRARY UNIVERSITY OF
ATTN: C CONVEY

MIAMI UNIV LIBRARY
ATTN: J PROSPERO




NEW YORK STATE UNIVERSITY OF
ATTN: RCESS

OAK RIDGE ASSOCIATED UNIVERSITIES
ATTN: CWHITTLE

SOUTH DAKOTA SCH OF MINES & TECH LIB
ATTN: H ORVILLE

TENNESSEE, UNIVERSITY OF
ATTN: KFOX

UNIVERSITY OF SOUTH FLORIDA
ATTN: SYING

UNIVERSITY OF WASHINGTON
ATTN: CLEOVY
ATTN: L RAOKE
ATTN: PHOBBS

VIRGINIA POLYTECHNIC INST LIB
ATTN: M NADLER

WISCONSIN UNIVERSITY OF
ATTN: P WANG
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